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Abstract
Five heterocyclic aromatic amines (HAAs) formed during the 
cooking of proteinaceous foods, were found to be genotoxic 
in an iji vitro assay for unscheduled DNA synthesis (UDS), in 
rat and hamster hepatocytes. A larger UDS response was 
induced in hamster hepatocytes than rat cells, probably due 
to the greater activation capabilities of the hamster 
hepatocytes.
Low levels of UDS were induced by HAAs ijn vivo, with a 
greater response observed in rats than hamsters. Rats also 
showed their peak UDS response after longer exposure periods 
than hamsters. MelQ (2-amino-3,4-dimethylimidazo[4,5-f]- 
quinoline) elicited the greatest UDS response, both jji vitro 
and vivo, and this response was comparable with that of 
the carcinogen 2-acetylaminofluorene (AAF).
The host-mediated assay (HMA), which measured the 
induction of revertants of Salmonella typhimurium TA98 in 
the livers of mice, was a more sensitive iji vivo assay for 
the genotoxicity of the HAAs. MelQ, which showed the most 
potent response, and 3-amino-l-methyl-5H-pyrido(4,3-b)- 
indole (Trp-P-2) exhibited different pharmacokinetics in the 
HMA.
The vivo genotoxicity of MelQ, Trp-P-2 and
2-amino-3-methylimidazo[4,5-fIquinoline (IQ) in the HMAs was 
significantly reduced by feeding mice diets containing fibre 
such as wheat bran, corn bran, lignin and cabbage. 
Distribution studies using [^^C]-MeIQ showed that less 
was present in the livers of mice on a 30% bran diet, than 
in livers of mice fed a fibre-free diet, at the timepoints
studied. In mice fed the fibre-free diet, [^^C]-MeIQ was
rapidly absorbed from the small intestine and widely 
distributed throughout the body in organs such as the liver, 
kidneys, lungs and spleen. In bran-fed mice, gastric
emptying and absorption from the small intestine was
delayed, and less [^^C]-MeIQ was present in the liver,
spleen, kidneys and lungs. This may be due to MelQ binding 
to the wheat bran in the mouse gastrointestinal tract.
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Chapter 1. Literature Review
1.1 Diet and Cancer.
It is now established that diet plays a major role in 
the incidence of many types of cancer throughout the 
world. Wynder and Gori (1977) estimated the percentage of 
cancers related to diet to be almost 60% for women and 
over 40% for men. Doll and Peto (1981) have also cited 
that 10-70% (average 35%) of deaths from cancer could be 
reduced by practicable dietary means.
A number of foodstuffs have now been positively 
associated with human cancers. For example, salted and 
pickled foods have been correlated with gastric cancer 
(Mirvish 1983), béer and stout with rectal cancer (Enstrom
1977) and heavy alcohol consumption with cancers of the 
mouth and oesophagus (Graham \et al. 1977). However, the 
best publicised role of diet in cancer incidence is the 
part played by fats and meats in the incidence of colon 
and breast cancers (Klurfield and Kritchevsky 1986) and to 
a lesser extent in prostate (Armstrong and Doll 1975) and 
rectal cancers (Jain e^ £l. 1980).
Evidence to support this role of fats and meats has come 
from both epidemiological and experimental studies. 
Comparisons of cancer incidence and dietary habits in 
various countries have shown a positive correlation 
between high risk of colon cancer and consumption of high 
fat diets (Carroll and Khor 1975, Wynder 1975, Armstrong 
and Doll 1975, Reddy ejt 1980). For example, western
countries such as Britain and the U.S.A. have high fat
15
consumption per capita and high incidence and mortality 
rates for colon cancer whereas the Japanese, whose diets 
are low in fat, have a relatively small risk of colon 
cancer (Figure 1.1). A similar association has been 
illustrated with breast cancer (Drasar and Irving 1973, 
Gray £t 1979). Further evidence linking nutrition to
cancer has come from studies of migrant populations, 
especially the Japanese who have a low risk of breast and 
colon cancer in Japan but an increased risk on moving to 
Hawaii or the mainland U.S.A. (Haenszel £t 1973, Dunn
1975). Additional evidence has been gathered from studies 
of discrete subpopulations within one country. For 
example, Seventh-Day Adventists and Mormons, who have a 
restricted fat and meat diet, exhibit a lower incidence of 
both colon and breast cancers than non-Adventists or 
non-Mormons from the same geographical area (Phillips 
1975, Lyon £t al. 1976, Jensen 1983).
Some experimental evidence implicating dietary fats in 
breast cancer has come from studies in mice using high fat 
diets which enhance spontaneous tumour incidence 
(Tannenbaum 1942). Additionally, high fat diets have been 
shown to enhance the incidence of tumours of the breast 
and bowel, in rats, induced either by X-rays (silvermann 
et al. 1980) or by chemicals such as 7,12-dimethyl-
benz[a]anthracene or N-nitroso-N-methylurea (Carroll and 
Khor 1970, Chan e_t al. 1977, Reddy et £l. 1977).
Epidemiological studies also indicate that the 
consumption of meat, especially beef, is an aetiological 
factor in colon and breast cancer (Haenszel et al. 1973,
16
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Berg and Howell 1974, Lubin et al. 1981) although other 
studies have failed to find a correlation (Enstrom 1975, 
Graham ^  1978). These conflicting findings may, in
part, be explained by differences in the consumption of 
dietary fibre, which is thought to reduce the risk of 
colon cancer (IARC 1977, Bingham e^ al. 1985). For 
example, the Finns have diets which are high in meat and 
fat content, but have a relatively low risk of colon 
cancer due, it is thought, to the large amount of cereal 
fibre that they consume (MacLennan et ^ . 1978, Reddy et
1978).
The mechanisms by which dietary fat increases the risk 
of colon cancer are not fully understood (Klurfield and 
Kritchevsky 1986). It is thought that high fat diets may 
have a promoting effect, perhaps related to the consequent 
increase in bile acid production (Weisburger 1986). The 
agents which initiate this carcinogenic process are not 
known. However, strong contenders for this role are the 
mutagenic heterocyclic aromatic amines (HAAs) which are 
formed during the cooking of meat (especially beef) and 
fish (Sugimura 1982, Vuolo and Schuessler 1985). Five of 
these cooked-food mutagens are the subjects of the studies 
presented in this thesis.
1.2 Formation, isolation and identification of mutagens in 
cooked food.
1.2.1 Amino acid pyrolysates.
An interest in the mutagenicity of cooked food was 
established when Lijinsky and Shubik (1964) discovered the
18
presence of polycyclic aromatic hydrocarbons (PAHs), 
including benzo[a]pyrene, on the surface of meat grilled 
over charcoal or a gas flame. It was later concluded that 
these hydrocarbons were combustion products of the fat 
which dripped from the meat into the flame (Lijinsky and 
Ross 1967).
The development of the Ames Salmonella/mammalian 
microsome assay a decade later (Ames ^  1975), enabled
the rapid screening of many environmental mutagens and 
rekindled interest in cooked-food mutagens. Nagao et al. 
(1977b) reported the presence of mutagenic activity in the 
smoke condensates and charred surfaces of grilled fish and 
beef. This activity, too great to be explained merely by 
the presence of PAHs, was subsequently shown to originate 
from the pyrolysis of proteins.
It was shown that several amino acids or proteins 
yielded mutagenic products on heating to temperatures 
between 300°C and 600°C (Masumoto ^  a]^ . 1977, Nagao et
al. 1977a). The highest mutagenic activity was observed in 
the pyrolysate of D,L-tryptophan. The two compounds 
responsible for this activity were identified as 
3-amino-l,4-dimethyl-5H-pyrido[4,3-b]indole and 3-amino-l- 
methyl-5H-pyrido[ 4,3-b] indole (Sugimura e_t 1977,
Takeda et 1977, Kosuge ^  ^ . 1978). For convenience
they were given the abbreviations Trp-P-1 (Tryptophan- 
Pyrolysate-1) and Trp-P-2 respectively (Figure 1.2).
Mutagenic substances were also formed during the 
pyrolysis of other amino acids and proteins. A pyrolysate
19
Fig. 1.2 Five heterocyclic aromatic amines (HAA) 
found in cooked foods.
Abbreviation Compound Structure
Trp-P-1 3-amino-l,4-dimethyl- 
5H-pyrido[4,3-b]indole
ÇH3 
N
H CHj
Trp-p-2 3-amino-l-methyl-5H- 
pyridoL 4,3-b]indole
IQ 2-amino-3-methylimidazo 
-[4 ,5-f]quinoline
,NHz 
N-CH3
'N
MelQ 2-amino-3,4-dimethylimidazo 
-[4,5-f]quinoline
NHz
N-CH3
MelQx
/NH2
2-amino-3,8 -dimethylimidazo
-[4,5-f]quinoxaline
(Sugimura and Nagao 1982)
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of glutamic acid yielded 2 -amino-6-methyldipyrido- 
[1/2-a:3"/2'-d]imidazolç (Glu-P-1) and 2-aminodipyrido- 
[ 1, 2-a: 3 ' ,2'-d] imidazole (Glu-P-2) (Takeda £t 1978,
Yamamoto e^ £l. 1978). The pyrolysis of soybean globulin 
generated 2-amino-a-carboline (AaC) and 2-amino-3- 
methyl-a-carboline (MeAaC) (Yoshida ^  al. 1978). The 
genotoxicity and carcinogenicity of these compounds have 
been extensively reviewed (Sugimura 1982, 1985, Vuolo and 
Schuessler 1985).
Trp-P-1 and Trp-P-2 were later identified as two of the 
mutagens found in grilled fish (Yamaizumi £t al^ . 1980) and 
beef (Yamaiguchi jet 1980). However, these compounds
accounted for only a small proportion of the mutagenic 
activity and were only formed at very high temperatures 
not normally used during ordinary, domestic cooking.
1.2.2 Amino-imidazo azaarenes.
It was noted by Commoner ^  (1978) that fried beef
and boiled beef extract subjected to lower temperatures 
(below 200°C) also yielded mutagenic compounds. These 
compounds, which were also found in grilled sardines, had 
different chemical structures to the previously identified 
amino acid pyrolysates and PAHs (Kasai et. .Ëi* 1979, 
Spingarn et 1980). The mutagens were soon identified
as 2-amino-3-methylimidazo[4,5-f]quinoline (IQ) and
2-amino-3,4-dimethylimidazo[4,5-f]quinoline (MelQ) (Kasai 
et al. 1980a,b,c, Kasai et 1981a) (Figure 1.2). A
third mutagen, 2-amino-3,8 ,dimethylimidazo[4,5-f]- 
quinoxaline (MelQx) was also isolated from fried beef 
(Kasai et al. 1981b) (Figure 1.2). Recently, a total of
21
nine distinct mutagens have been extracted from cooked 
beef, including three new mutagens, 2-amino-3,4,8-
trimethylimidazo[4,5-f]quinoxaline (DiMelQx), 2-amino- 
N,N,N-trimethylimidazopyridine (TMIP) and 2-amino-l- 
methyl-6 -phenylimidazo[4,5-b]pyridine (PhIP) (Felton et 
al. 1986a,b).
It was suggested that the Maillard (non-enzymic 
browning) reaction was involved in the formation of the 
IQ-bype compounds (Spingarn and Garvie 1979, Powrie ^  al. 
1981, Shibamoto 1982). This idea was later supported by 
the fact that IQ, MelQx, DiMelQx and its isomer
7,8-DiMeIQx ( 2-amino-3,7,8 -trimethylimidazo[4,5-f]-
quinoxaline) may all be formed on heating model systems of 
creatinine, amino acids and reducing sugars (Jagerstad e^ 
al. 1984, Negishi £t al. 1984, Grivas ^  1985,1986,
Nyhammar et al. 1986). Jagerstad eJt al. (1983,1986)
suggested a possible pathway for the formation of the 
imidazoquinolines and imidazoquinoxalines, using
precursors which may be found in raw beef (Figure 1.3). 
Creatinine, obtained on heating creatine, formed the 
imidazole part of the molecule. The quinoline or 
quinoxaline moiety arose from the condensation reaction 
between pyridines or pyrazines (Maillard reaction 
products) and aldehyde's (formed via Strecker degradation 
of free amino acids).
The heterocyclic aromatic amines (HAA) have now been 
positively identified in a variety of foods including 
sardines, salmon, mackerel, bonito, egg, beef and beef 
extract. Many groups attempted to estimate the levels of
22
Halliard reaction
NH3(B
CfithjOg + RCH. „ 
CO2®
Viexose amino acid
a Idol I
condensation
Amador i 
rearrangement
Strecker 
dégradai ion
Pyridine
(2=0
Pyra/ine
(Z=N)
1-
RCH
C^02®
+ OHC
aldehyde
HN;
HOOC
CH3
creat ine
Me
©
creatinine
MeY
X
IQ:
MclQ: 
MelQx: 
7DiMejQx; 
40 i MelQx:
Y Z 
H C 
Me C 
Me N 
Me Me N 
H Me N
R
H
H
H
H
Me
Fig. 1.3 Suggested pathway for the formation of 
amino-imidazo azaarenes. (Jagerstad et al. 1986)
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mutagens in these foods (Table 1.1). The results were very 
variable, probably due to the differing cooking,extraction 
and quantification procedures. However, Sugimura (1985) 
estimated that the average intake of all HAAs is around 
lOOjig per capita per day, although he gave no indication 
of to which population this refers.
1.3 ^  vitro genotoxicity of cooked-food mutagens.
1.3.1 The Ames Salmonella assay.
The HAAs showed themselves to be among the most potent 
mutagens tested in the Ames salmonella assay (Sugimura 
1982,1986). The greatest response was observed using 
Salmonella typhimurium TA98 with MelQ, which induced at 
least 1 0 0 times more revertants than the carcinogen 
aflatoxin B^, in the same strain (Table 1.2). Slightly 
weaker activity was seen with IQ, MelQx, DiMelQx and 
Trp-p-2. Trp-P-1 was the weakest of the HAAs listed in 
Table 1.2, however it was still more potent than 
carcinogens such as benzo[a]pyrene and aflatoxin B^.
All the HAAs require metabolic activation to exert their 
mutagenic effects (Sugimura 1982, Felton e^ 1986a).
S9-mix (liver 9000xg supernatant fraction and NADPH- 
generating system) from Aroclor 1254-pretreated rats is 
usually used for this purpose (Ames et 1975). However,
S9-mix derived from untreated Swiss albino mice, BALB/c 
mice and Syrian hamsters have all illustrated excellent 
activation capabilities towards IQ and MelQ (Alldrick and 
Rowland 1985 ) . Primary monolayer cultures of rat
24
Table 1.1 Levels of Heterocyclic Aromatic Amines in Food
Food (Reference) Concentration of mutagen
(ng/g cooked food)
IQ MelQ MelQx Trp-P-1 Trp-P-2
GrilledySun dried sardine
(Yamaizumi e_t ^  1980) 13. 3 13.1
(Sugimura, Nagao 1982) 15.8 72
(Yamaizumi et al 1986) 4.9 16.6
Smoked,dried mackerel
(Kato et £l. 1986) 0.8
Smoked,dried bonito
(Kikugawa et 1986) 2.0
Grilled salmon,
flesh and skin
(Yamaizumi £t ^  1986) 1.4 2.1
-3.5 -5.9
Fried egg
(Grose ^  a]^ . 1986) 0.1
Fried beef
(Hargravesf Pariza 1983) N.D N.D 0.45
(Felton et al. 1986) 0.02* Tr.* 1.0*
(Yamaiguchi et 1983) 53
(Sugimura + Sato 1983) 0.59 2.4
Food grade beef extract 
(Takahasi et al. 1985) <0.2 3.1
"k
Tr.=Trace, N.D=not detected, ng/g original uncooked beef
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Table 1.2 Mutagenic activities of some heterocyclic 
aromatic amines towards Salmonella typhimurium
Mutagenic Activity (revertants/pg)
Mutagen TA98 TAlOO
MelQ
IQ
4.8-DiMeIQx
7.8-DiMeIQx 
MelQx 
Trp-P-2 
Trp-P-1 
Aflotoxin 
Benzo[a]pyrene
661000
433000
183000
163000
145000
104200
39000
6000
320
30000
7000
8000
9900
14000
1800
1700
28000
660
 ^Mutagenic activity was assayed with an optimal amount of 
S9-mix derived from Aroclor-1254~pretreated rat (Sugimura
1982, 1986)
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hépatocytes have also provided an activation system for 
HAAS (Gayda and Pariza ,1983, Decloitre et ^ . 1984, Holme 
^  al. 1987) .
1.3.2 Mammalian assays.
Until recently few publications have reported the 
activities of HAAs in mammalian systems. The results now 
available are variable, with the presence or absence of an 
adequate metabolic activation system being an important 
factor.
Sasaki £t al. (1980) showed that Trp-P-1 and Trp-P-2 
induced chromosomal aberrations in human lymphocytes, 
pseudodiploid Chinese hamster (CH) cells and near diploid 
CH embryonic cells, all without exogenous metabolic 
activation. Sister-chromatid exchanges (SCE) were also 
induced in these cells with Trp-P-1 exhibiting 5-10 times 
the activity of Trp-P-2. However, Tohda et. (1980)
reported that Trp-P-2 had the greater SCE-inducing ability 
in human lymphoblastoid cells when a metabolic activation 
system was provided.
Trp-P-2 was also more potent than IQ in the induction of 
SCEs and chromosomal aberrations in wild-type and 
repair-deficient CH ovary cells (Thompson et al. 1983). In 
this assay IQ was only capable of inducing a slight 
increase in SCEs in the repair-deficient strain. However, 
IQ and MelQ both caused a small increase in SCEs in CH V79 
cells, when activated by polychlorinated biphenyl 
(PCB)-pretreated rat hepatocytes (Holme e^ a]^ . 1987). A
low and variable increase in the number of 
V, 6-thioguanine-resistant mutants was also detected in V79
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cells after treatment with IQ and MelQ. In both assays 
MelQ was more potent than IQ, but no effects were detected 
without metabolic activation.
DNA damage, measured by alkaline elution, was detected 
in radiation-induced mouse leukaemia cells treated with 
IQ, MelQ and MelQx in the presence of S9-mix (Caderni e_t 
al. 1983, Dolara e^ ^ . 1985). MelQ was the most potent
inducer of damage and MelQx the least potent. This 
correlates with their order of potency in the Ames assay. 
Dose-related DNA damage was also induced by Trp-P-1 and 
Trp-P-2 in hepatocytes from mice pretreated with a 
monoxygenase inducer (Hayashi e^ 1985) and by IQ and
MelQ in pretreated rat hepatocytes (Caderni £t 1983,
Holme e^ 1987) .
Nakayasu and co-workers studied the activities of HAAs 
in a forward mutation system in CH lung cells using 
diphtheria-toxin-resistance as a selective marker 
(Nakayasu e^ ^ . 1983, Terada ^  al. 1986). Trp-P-2 gave 
the most potent response in this assay, followed by 
Trp-P-1, MelQ, IQ and MelQx. Each of the HAAs, except 
Trp-P-1, required the presence of an activation system to 
exert their genotoxic effect.
1.4 In vivo.genotoxicity of cooked-fcod mutagens.
Less information is available on the genotoxic activity 
of HAAS in mammalian systems ijn vivo than jji vitro. Of the 
few studies that have been carried out in mammals, only 
one is an investigation of the jji vivo activity of a food 
mutagen administered orally; i.e. the normal route of
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exposure of man to these compounds. In all the other 
experiments intra-peritoneal (i.p.) doses were used.
Wild ^  £l. (1985) observed a positive response in a
host-mediated bacterial assay in mice given a single oral 
dose of IQ. However, negative results were obtained in 
tests to detect IQ-induced chromosomal abnormalities in 
bone marrow and gene mutations affecting coat pigmentation 
in mice exposed to IQ iji utero (Wild et a]^ . 1985).
Trp-P-1 induced enzyme alterations in islands of cells 
in the livers of rats after i.p. injection (Ishikawa e_t 
al. 1979). Trp-P-2 did not produce such islands. However, 
SCES and chromosomal aberrations were produced, in a 
dose-related manner, in the bone marrow of mice to which 
Trp-P-2 was administered i.p. (Minkler and carrano 1984).
In the same study, IQ induced a weak but significant SCE 
response.
Low levels of DNA damage, measured by alkaline elution, 
were detected in hepatocytes from mice given single i.p. 
injections of Trp-P-1, Trp-P-2 or IQ (Hayashi ^  al. 
1985). In this study Trp-P-2 induced the most damage and 
Trp-P-1 the least.
1.5 Metabolism of cooked-food mutagens.
Most information on the metabolism of HAAs comes from 
studies using IQ and Trp-P-2. As previously mentioned, 
these mutagens require metabolic activation, usually 
provided by hepatic microsomal preparations, to exert 
their mutagenic effects. The ability of rat liver 
microsomes to activate the HAAs was increased by
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pretreatment of the rats with polychlorinated biphenyls or
3-methylcholanthrene, thus indicating the involvement of a 
cytochrome P-450, probably the P-448 species, in their 
activation (Ishii _et aJ^ . 1980a,b, Yamazoe £t a^. 1983,
Alldrick et a]^ . 1986). This idea was further supported by 
the observation that inhibitors of cytochrome p-448, such 
as 7,8 -benzoflavone and ellipticine, markedly decreased 
the activities of Trp-P-2 and IQ. In addition, Watanabe et 
al. (1982a) showed that metabolic activation of IQ, MelQ,
Trp-P-1 and Trp-P-2 was inhibited by the presence of 
antibodies to cytochrome P-448. Using several forms of 
purified cytochrome P-450, Yamazoe et £l. (1983)
demonstrated that the activation of IQ was catalyzed 
mainly by a high-spin form of cytochrome P-450, P-448
Il-a.
The first step in the activation of Trp-P-2 was shown to 
be N-hydroxylation by microsomal cytochrome P-448. 
Hashimoto e^ al. (1980) suggested that the N-hydroxyamino 
derivative, N-OH-Trp-P-2, may then be further activated by 
cytosol to the 0-acyl derivative, N-OAc-Trp-P-2. The 
N-OAc-Trp-P-2 and, to a lesser extent, N-OH-Trp-P-2 
derivatives bind covalently to DNA, modifying the guanine 
base to 3-(C^-guanyl)amino-l-methyl-5H-pyrido[4,3b]indole 
(Gua-Trp-P-2) (Hashimoto et a]^ . 1979,1980,1984).
Yamazoe et (1981, 1982) proposed the involvment of
seryl or prolyl tRNA synthetase in the further activation 
of N-OH-Trp-P-2. The same group of workers also noted that 
binding of N-OH-Trp-P-2 to calf thymus DNA was catalyzed 
by an acetyl CoA dependent enzyme in mammalian liver
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cytosol (Shinohara e_t 1985). In addition, an acetyl
CoA dependent 0-acetyltransferase was isolated from 
S. typhimurium (Saito ^  1985). This enzyme transformed
N-OH-Trp-P-2 to a reactive derivative in the presence of 
acetyl CoA. A suggested pathway of DNA modification by 
Trp-P-2 is illustrated in Figure 1.3.
Cytochrome p-448-mediated N-hydroxylation was also 
implicated as a step in the activation of IQ (Okamoto et 
al. 1981, Yamazoe et al. 1983). As with N-OH-
Trp-P-2,further metabolism of N-OH-IQ probably occurs in 
the cytosol. Abu-Shakra £t (1986) illustrated that
although the cytosol alone was unable to activate IQ, it 
potentiated the microsome-mediated mutagenicity of the 
HAA. Since this effect was still apparent when the cytosol 
was added after microsomal metabolism had been terminated, 
it was suggested that there were enzymes in the cytosol 
which activated the microsomal metabolites to more potent 
mutagens.
Nagao £t a]^ . (1983) proposed that the ultimate mutagenic 
forms of IQ, MelQ and MelQx are the sulphate esters of the 
N-hydroxides. IQ, MelQ and MelQx, in the presence of 
S9-mix, failed to induce revertants in a mutant strain of 
S. typhimurium, TA98/1,8-DNP^, which is defective in 
esterifying activity, but were strongly mutagenic to the 
original TA98. In addition, the mutagenicity of IQ to TA98 
was inhibited by pentochlorophenol, an aryl sulpho- 
transferase inhibitor. Unlike the IQ-type mutagens, the 
tryptophan pyrolysates did induce revertants in 
TA98/1,8-DNPg, although, larger numbers were induced in
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TA98 (Nagao ^  a]^ . 1983, Saito ^  1983a)
Shinohara ^  al. (1984) studied the enzymic 
N-acetylation of Trp-P-1, Trp-P-2 and IQ by liver cytosol, 
as an alternative metabolic pathway. The rates of
N-acetylation of the HAAs by hepatic cytosol was species 
dependent, but in all the animals tested it was much 
slower (<1%) compared with the N-acetylation of the 
non-heterOcyclic aromatic amine 2-aminofluor^ne (2-AF). /c 
This suggests that the importance of the N-acetylation 
pathway in the metabolism of HAAs is less than that for 
the aromatic amines, such as 2-AF (Kato 1986).
Recently N-acetyl derivatives of Trp-P-1, IQ and MelQ 
have been isolated in small amounts (0 .1 -1 . 0  % of
administered dose for IQ and MelQ), in the urine, faeces 
and bile of rats given the compounds by oral dose or i.p. 
injection (Rafter and Gustafsson 1986, Stormer £t al.
1987). Also, acetyl-MelQx was identified as one of three 
compounds isolated from the urine and faeces of rats fed 
MelQx in the diet (Hayatsu £t a]^ . 1987). It was reported 
that the acetyl derivatives of IQ, MelQ and MelQx all 
possessed significant mutagenic activity (Hayatsu £t al.
1987, Stormer et 1987). This is in contrast to
N-acetyl Trp-P-1 and N-acetyl-Trp-P-2 which both exhibit 
lower mutagenic activity than their unacetylated forms 
(Nagao et 1980, Kato et a_l. 1983)
Turesky £t (1986) identified a sulphamate derivative
as the major biliary metabolite of IQ in rats.. More than 
20% of an injected dose of IQ was recovered from the 
faeces and urine as the sulphamate. Since this derivative
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was non-mutagenic in a bacterial forward mutation assay, 
it was suggested that N-sulphation may be a major 
contributor to the detoxification and elimination of IQ in 
the rat.
Another route of detoxification of IQ may be conjugation 
with glutathione. Loretz and Pariza (1984) showed that 
inhibition of glutathione (GSH) synthesis by L-buthione 
led to enhanced macromolecular binding of IQ. In addition, 
Alldrick et al. (1986) noted that increasing the 
concentration of GSH in a bacterial assay system yielded a 
dose-dependent decrease in the number of revertants of 
S. typhimurium TA98 induced by either IQ or MelQ. 
Conjugation to glutathione was also investigated as a 
route of detoxification of Trp-P-2. Saito ^  (1983b)
observed that the conjugation reaction between 
N-OH-Trp-P-2 and GSH was catalyzed by GSH transferase to 
form at least three conjugates, one of which was more 
mutagenic than N-OH-Trp-P-2.
Although cytochrome P-448-mediated activation has been 
elucidated as a major metabolic pathway of the HAAs in 
mammalian hepatic preparations, there are possibly other 
pathways of activation in other tissues iji vivo. One such 
pathway may be the activation of HAAs via prostaglandin H 
synthase (PHS). Trp-P-2 and the IQ-type mutagens served as 
substrates for co-oxidation by PHS in ram seminal vesicle 
microsomes, suggesting a possible role for PHS in the in 
situ activation of the HAAs to their ultimate carcinogenic 
forms in tissues which contain PHS, such as the intestine, 
lungs and sex organs (Petry ejb 1986, Wild and Degen
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1987)
Metabolism of the HAAs may also be carried out by the 
gut flora. The incubation of IQ with mixed human faecal 
microflora, under anaerobic conditions, yielded one major 
metabolite which was identified as 2 -amino-3 ,6-dihydro- 
3-methyl-7H-imidazo[4,5-f]quinoline-7-one (Bashir et al. 
1987). However, in a study of the metabolism of Trp-P-1 
excreted in the urine and faeces of rats. Rafter and 
Gustafsson (1986) reported no major differences between 
germ-free and conventional rats, suggesting that the 
intestinal microflora does not have a major role in the 
metabolism of Trp-P-1.
Loretz and Pariza (1984) studied covalent binding of IQ 
to cellular macromolecules in primary monolayer cultures 
of rat hepatocytes. Although IQ was found to bind 
covalently to DNA, the specific binding to protein was 
much higher. Brookman et al. (1985) observed
dose-dependent binding of IQ metabolites to DNA. However, 
this binding was low compared with the DNA adduct 
formation of Trp-P-2. In a study of non-covalent 
DNA-binding, Watanabe £t a]^ . (1982b) noted a small amount
of binding with IQ, MelQ and MelQx. Like Trp-P-2, IQ 
appears to bind more strongly with G-C pairs than with A-T 
pairs in the DNA.
1.6 Carcinogenicity of cooked-food mutagens.
Early attempts to elucidate the carcinogenic potential 
of HAAs were carried out in vitro. It was shown that the 
tryptophan pyrolysates, and also IQ, induced neoplastic
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transformation in hamster embryo cells or mouse embryo 
fibroblasts respectively (Takayama e_t a_l. 1978, Cortesi 
and Dolara 1983).
More recently, long-term feeding experiments have been 
completed in mice and rats, with all the HAAs tested 
exhibiting carcinogenic effects which are summarised in 
Table 1.3. The tryptophan pyrolysates induced liver 
tumours in both mice and rats; the females were generally 
more susceptible than the males (Matsukura et 1981,
Hosaka et 1981, Takayama et a]^ . 1985). The IQ-type
compounds also induced tumours in the liver, as well as a 
variety of the other sites, including the forestomach, 
small and large intestines, zymbal gland, clitoral gland 
and skin (Table 1.3). Tanaka £t (1985) tested the
carcinogenicity of IQ in the female Sprague-Dawley rats 
which were given the mutagen by gavage (0.4 mmol/kg) 
rather than in the diet. These rats were kept on a 
relatively high fat diet (20%) and developed tumours in 
the mammary gland, ear duct, liver, pancreas and urinary 
bladder.
The main drawback of the carcinogenicity studies is that 
the mutagens were usually administered at single, large
■>
dose levels in the diet (Table 1.4). If we assume that an 
average mouse weighs 30g and an average rat 300g, then, at 
the lowest levels, the daily intake of a HAA in the 
studies was lOmg/kg body weight in mice and 6mg/kg in 
rats. Sugimura (1985) estimated the average daily human 
intake of all HAAs as lOOjig i.e. 1.5[ig/kg/day for a 70kg 
man. Thus, the dose levels in the carcinogenicity studies
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Table 1.3 Location of tumours induced by heterocyclic 
aromatic amines in mice and rats
HAA Mouse Rat
IQ Liver
Forestomach
Lung
Liver 
Small and 
Large Intestines 
Zymbal Gland 
Clitoral Gland 
Skin
Oral Cavity
MelQ Liver
Forestomach 
Small and 
Large Intestines
Not Done
MelQx Liver
Lung
Small and 
Large Intestines
Not Done
Trp-P-1 Liver Liver
Trp-P-2 Liver Liver
Sugimura 1986, Ohgaki et al. 1987
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Table 1.4 Dietary levels and estimated daily intakes of 
HAAS in carcinogenicity studies
HAA Species Diet Cone. Est. Daily Intake 
{%) (mg/animal)
IQ Mouse
Rat
0.03
0.03
0.93-1.06 
3.0 -4.2^
MelQ Mouse 0.01
0.04
0.3 -0.4
1.0 - 1.1
MelQx Mouse 0.06 2 . 1 -2.3
Trp-p-1 Mouse
Rat
0.02
0.015-0.02
0.45-0.53 
1.7 -1.9^
Trp-P-2 Mouse
Rat
0.02
0.01%
0.56-0.57
N.P.
Ohgaki e_t a]^ . 1984 
Takayama e_t 1984
Ohgaki et £l. 1986 
Ohgaki et al. 1987
Matsukura et al. 1981
Takayama e^ al^ . 1985 
Hosaka et al. 1981
N.P. Not Published
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were at least 4000 times higher than the estimated average 
human intake.
Clearly, dose response studies are required before the 
potency of these carcinogens can be assessed. This was 
attempted, in a small way, by Ohgaki e^ al. ( 1986) who
looked at the carcinogenicity of MelQ at two dose levels 
(0.01% and 0.04% of the diet). They observed clear dose 
responses in the number of liver tumours produced in 
females, and in the number of forestomach tumours in both 
sexes.
1.7 Aims of the work presented in this thesis.
In order to assess the potential hazard of HAAs to man, 
it is first necessary to investigate the activity of the 
mutagens vivo in mammalian systems. Studies in rodents 
have shown the cooked-food mutagens to be carcinogenic 
when administered at high dose levels in the diet. 
However, adequate dose-response data are lacking and would 
take years to collect. It is quicker and simpler to use 
short-term assays to investigate the iji vivo activities of 
the mutagens.
Thus, it was the aim of this work to assess the 
genotoxicity of five cooked-food mutagens, IQ, MelQ, 
MelQx, Trp-p-1 and Trp-P-2, in short-term iji vivo assays. 
In the assays chosen, the HAAs were administered by 
gavage, i.e. the normal route of exposure to man, and 
their genotoxicity measured in the liver, which is a major 
site of their metabolism.
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In the first assay, unscheduled DNA synthesis, it was 
necessary to perform some preliminary vitro studies to 
establish whether the cells responded to the mutagens. The 
in vitro assay was then adapted to an iji vivo system and 
the genotoxicity of the HAAs re-examined.
The potent activity of the cooked-food mutagens in the 
Ames assay is well established. A further aim of this work 
was to measure the genotoxicity of the HAAs in an Jji vivo 
version of the Ames test, the host-mediated assay. This 
assay enables factors such as absorption, excretion and in 
vivo metabolism to be taken into account.
Once the activities of the mutagens were established in 
the in vivo assay systems, the final aim was to see if the 
activity could be modified by dietary fibre. Such work 
might provide useful information on how the possible risk 
from these mutagens might be reduced.
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Chapter 2, Induction of unscheduled DNA synthesis 
in vitro in rat and hamster hepatocytes 
by cooked-food mutagens
2.1 Introduction.
The majority of Jji vitro investigations into the 
mammalian genotoxicity of heterocyclic aromatic amines 
(HAAs) have studied the mutagens' abilities to induce 
chromosomal aberrations or DNA damage in a variety of cell 
lines, such as, radiation-induced mouse leukaemia cells 
(Caderni £t al. 1983) and repair-deficient Chinese hamster 
ovary cells (Thompson e^ al. 1983). However, the results 
obtained using such cell lines may not be wholly relevant 
when considering the actual target cells or responses of 
the mutagens vivo. Also, a number of the iji vitro
studies use an exogenous activation system in the form of 
rat liver preparations (Tohda et. Ël' 1980, Dolara ^  al. 
1985) and yet relatively few studies have actually looked 
at the activities of HAAs in liver cells (Hayashi £t al. 
1985, Holme e^ al. 1987). The liver plays a major role in 
the metabolism of the HAAs (Kato 1986) and is of 
particular interest since the mutagens also induce 
hepatocellular carcinomas (Sugimura 1985).
This chapter reports the activities of the cooked-food 
mutagens in an unscheduled DNA synthesis (UDS) or DNA 
repair assay in primary cultures of rodent hepatocytes. 
The assay measures the excision-repair process which 
occurs after DNA damage by, for example, chemicals which 
bind covalently to the DNA. The damaged DNA is excised
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enzymically and replaced with complementary undamaged DNA 
nucleotides. In the UDS assay, [^H.]-thymidine is available 
to the cells in the medium, thus, the amount of DNA repair 
or unscheduled DNA synthesis which occurs after exposure 
to the mutagens, can be measured by the incorporation of
into the DNA (Reviews Martin 1980, Waters et 1984).
The advantage of using primary hepatocytes in this 
assay is that they are essentially non-dividing and thus, 
there should be no scheduled or 's' phase DNA synthesis. 
The addition of hydroxyurea to the medium is designed to 
suppress any residual scheduled DNA synthesis. Another 
advantage of primary hepatocytes is that they retain an 
intact metabolising system for several hours after 
isolation (Fry and Bridges 1977). Thus, it seems likely 
that these cells will give a more accurate representation 
of the jji vivo metabolism of the HAAs than the liver 
mitochondrial fractions.
The UDS assay responds to a wide variety of classes of 
chemicals and is considered a useful short-term predictive 
test for mutagens/carcinogens (Probst ^  1981,
Williams et 1982). After the completion of the studies 
on HAAS reported in this chapter, Loury and Byard (1985) 
published results illustrating a DNA repair response in 
hamster, rat and guinea-pig hepatocytes treated with MelQ 
and IQ. Barnes et al. (1985) and Holme ^  (1987) have
also subsequently shown UDS in rat hepatocytes exposed to 
IQ and MelQ. Studies with the tryptophan pyrolysates have 
shown little or no DNA repair activity in rat hepatocytes 
(Loury and Byard 1983, Decloitre et al. 1986). This
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chapter presents the results of UDS assays in rat and 
hamster hepatocytes treated with IQ, MelQ, MelQx, Trp-P-1 
and Trp-P-2.
2.2 Materials and Methods.
2.2.1 Media and chemicals.
Culture medium (RPMI 1640) and Hank's balanced salt 
2+ 24-solution, Ca and Mg free (HESS) were purchased from 
Gibco (Europe), Paisley, Scotland. Foetal bovine serum 
came from Sera Labs, Crawley, Sussex and gentamicin from
Flow Laboratories, Irvine, Scotland. Thymidine was
obtained from Aldrich Chemical Co., Gillingham, Dorset, 
collagenase from Boehringer Corp., Lewes, Sussex and 
Sagatal (Pentobarbitone sodium BP) from May and Baker, 
Dagenham, Essex. [6-^H]Thymidine (specific activity 28.9 
Ci/mmol) was purchased from Amersham International pic, 
Amersham, Bucks. All other chemicals were purchased from 
Sigma Chemical Co., Poole, Dorset.
2.2.2 Mutagens.
IQ, MelQ and MelQx were generous gifts from Prof. 
K.Olsson and Dr. S.Grivas, Swedish University of
Agricultural Science, Uppsala, Sweden. All three compounds
gave single peaks when subjected to HPLC on a Waters Cl8|i 
Bondapack column. Trp-P-1 and Trp-P-2 were purchased from 
Wako Chemicals GmbH, Neuss, FRG. The compounds migrated as 
single spots on silica gel G25 (solvent system: 
isobutanol-acetic acid-water, 80:10:10 by vol.). The 
mutagens, stored at -20°C, were dissolved to the required
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concentrations in dimethylsulphoxide (DMSO).
2.2.3 Animals.
Male Syrian (DSN inbred) hamsters, 6 to 8 weeks old 
(80-95g) were obtained from Bantin and Kingman, Hull, 
Yorkshire and male Ola:Sprague-Dawley rats of a similar 
age (190-220g) were purchased from Olac (1976) Ltd, 
Bicester, Oxon. All animals were fed on Rat and Mouse No. 
2 Diet (Special Diet Services, Witham).
2.2.4 Hepatocyte isolation.
Hepatocytes were isolated by a two-step collagenase
perfusion technique (Paine e^ 1979, Gray e^ a^. 1983).
A Syrian hamster or Sprague-Dawley rat was anaesthetised
by i.p. injection with pentobarbitone (60mg/kg). An
abdominal incision was made and the hepatic portal vein
cannulated with a 16 gauge (hamster) or 2 0 gauge (rat)
cannula containing heparin. The vena cava was severed and
the liver excised whilst perfusing via the portal vein
2+ 2 +with Hank's balanced salt solution, Ca and Mg free 
(HBSS) at 37°C.
The liver was placed on a platform above a reservoir of 
perfusate containing 0.05% collagenase. The perfusate was 
aerated with 95% y 5% CO2 , by means of a water-jacketed 
falling-film oxygenator, and recirculated through the 
liver for 20-30 min. The flow rate's for the hamster and 
rat livers were 25ml/min and 50ml/min respectively.
The liver was removed from the platform, placed in 
50ml HBSS containing 2.5% bovine serum albumin and 
dissociated into cells by gentle agitation with a glass
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rod. The cell suspension was then filtered through 140pm 
pore size nylon gauze and centrifuged for 3 min at 15g. 
The cells were washed and recentrifuged twice in culture 
medium (RPMI 1640 containing 10  ^ M-hydrocortisone-21- 
sodium succinate, 10  ^ M-insulin, 5% foetal bovine serum 
and 50pg gentamycin/ml).
The viability of the hepatocytes, determined by trypan 
blue exclusion, was 79.6% ±3.5%SD (mean ± standard
deviation for 7 animals) in hamsters and 80.9% ±2.73%SD (7 
animals) for rats.
2.2.5 Treatment of hepatocytes.
Hepatocytes were seeded onto 90mm tissue culture dishes
at 6.7x10^ viable cells/dish in 9ml culture medium (see
2.2.4) and incubated at 37°C in a humidified atmosphere of
95% 0 2 f 5% CO2 . After 4hr the medium was replaced with
10ml fresh medium containing lOmM-hydroxyurea. After
3
incubation for a further hour, lOpl [ H]-thymidine and 
40pi of a solution of the test compound in DMSO were added 
to each plate. For each treatment, two culture dishes were 
used. Controls were given [^H]-thymidine and DMSO only.
After incubation for 17hr, the medium was removed from 
the dishes and the remaining cells were washed twice with 
ice-cold phosphate-buffered saline containing 2mM- 
thymidine. The cells were scraped off the plates using a 
rubber policeman and cells from the duplicate plates were 
pooled. The hepatocytes, pelleted by centrifugation at 
15g, were kept on ice prior to isolation of the nuclei.
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2.2.6 Measurement of unscheduled DNA synthesis.
3
The nuclei were isolated and the [ H]-thymidine 
activity was measured according to the procedure of 
Althaus ejt (1982) with a few minor modifications. The
cells were resuspended in 0.9ml hypotonic buffer (lOmM 
Tris HCl, 5mM MgCl2 , pH 8.0), sonicated for 2 sec, 
incubated for 10 min in 1% Triton X-100 and then sonicated 
again. After centrifugation at 550g for 10 min, the cells 
were suspended in 1ml 0.25M buffered sucrose (50mM Tris, 
25mM KCl, 15mM MgCl2 , pH 8.0). This suspension was layered 
over 1ml 0.88M buffered sucrose and spun at 1500g for 15 
min to pellet the nuclei.
The RNA was hydrolysed by resuspending the nuclei in 
1.0ml lOmM Tris HCl (pH 8.0), adding 1.5ml 0.55M KOH and 
incubating at 37°C for Ihr. The solution was neutralised 
with 0.4ml IM HCl. DNA and protein were precipitated by 
addition of 10% trichloroacetic acid (TCA) and 5% bovine 
serum albumin. The suspension was centrifuged at 1500g for 
5 min, the pellet washed with 5% TCA and then 
recentrifuged. The cleaned pellet was resuspended in 3.5ml 
5% TCA and incubated at 90°C for 20 min to hydrolyse the 
DNA. The remaining protein was pelleted by centrifugation 
at 1500g for 10 min. Samples (2x0.5ml) of the supernatant 
containing the DNA were added to 10ml of scintillation 
fluid (toluene- 2-ethoxyethanol, 1:1 by vol, 0.8% PRO) and 
counted for radioactivity using a Packard liquid 
scintillation spectrophotometer. The remaining supernatant 
was stored at -20°C for the DNA assay.
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2.2.7 DNA assay.
The DNA was assayed using a modification of the 
fluorometric method of Kissane and Robins (1958). Samples 
(0.25ml) of the supernatants containing DNA were mixed 
with 0.2ml 30% (w/v) 3 ,5-diaminobenzoic acid
dihydrochloride and incubated at 60^C for 30 min. 
Perchloric acid (0.6M) was then added to give a final 
volume of 2ml. Standard samples of calf thymus DNA 
dissolved in 5mM NaOH were treated in the same manner. The 
fluorescence of all samples was measured using a 
Perkin-Elmer Fluorescence Spectrophotometer and the 
amount of DNA present in the supernatants was determined 
from the standard curve. [ ] -thymidine incorporation 
(dpm) was then calculated per [ig DNA.
2.2.8 Bacterial mutagenicity assay.
The mutagenicity of MelQ was measured using Salmonella 
typhimurium TA98 in a modification of the Ames test (Ames 
et al. 1975). A volume (0.1ml) of freshly isolated rat or 
hamster hepatocytes (4x10^ cells/ml PBS) was incubated for 
30 min at 37°C with 0.5ml TA98 solution and various 
concentrations of MelQ. Following addition of 2ml of top 
agar, the mixture was poured onto Vogel Bonner plates. All 
assays were performed in triplicate. The plates were 
incubated at 37°C for 2 days and th-en the numbers of His^ 
revertant colonies arising on the plates were counted 
using an Artek automatic colony counter.
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2.3 Results.
Unscheduled DNA synthesis or DNA repair was measured by 
determining the amount of [^H]-thymidine incorporated into 
the nuclear DNA during treatment of the hepatocytes with 
the mutagens. In a typical experiment, the amount of
3
[ H]-thymidine incorporated into the nuclear DNA of 
control cell cultures was 600dpm/0.5ml extracted DNA, 
equivalent to 53 dpm/jig DNA. However, control values of
3
[ H]-thymidine incorporation varied between experiments 
(30-76 dpm/Jig DNA) so results for incorporation into 
treated cultures were expressed as a proportion of the 
corresponding control. This allows comparison between 
experiments on each of the compounds in both rats and 
hamsters.
Dose-related increases in UDS were clearly seen in 
hamster hepatocytes treated with IQ, MelQ and MelQx 
(Figure 2.1a). The tryptophan pyrolysates, especially 
Trp-P-2, exhibited less potent responses with little or no 
increase in UDS (^Figure 2.1b). The rodent carcinogen 
2-acetylaminofluorene (AAF), used as a positive control, 
also induced UDS in a dose-related manner in hamster 
hepatocytes (Figure 2.1b).
In rat hepatocytes the results were less well defined. 
Only MelQ and AAF gave clear positive responses (Figure 
2.2).
The reproducibility of the experiments was illustrated 
by the close values obtained for measurements of UDS 
induced by MelQ and AAF in experiments performed on 
separate occasions (Figures 2.1 and 2.2).
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Fig. 2.3 Mutagenicity of MelQ towards S .typhimurium TA98 
in the presence of rat (A) or hamster (O) hepatocytes. 
Values shown are the means and standard errors of 3 
replicate plates.
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The activation of MelQ to a bacterial mutagen by fresh 
hepatocytes was determined using the modified Ames assay. 
This assay illustrated that hepatocytes from rat liver 
were less active than those from hamster liver (Figure
2.3).
2.4 Discussion.
The results of this study indicate that IQ and MelQ 
exert genotoxic effects in primary cultures of rodent 
hepatocytes, thus confirming the results of Loury and 
Byard (1985) and Holme et al_. (1987). The potency of IQ 
and MelQ in this assay was of the same order as that of 
the carcinogen AAF, which was used as the positive 
control. MelQx and Trp-P-1 also induced UDS in hamster 
hepatocytes, albeit to a lesser extent. The order of 
potency of the mutagens (as judged by the slopes of the 
dose-response curves) was MelQ > IQ > MelQx > Trp-P-1. 
Trp-P-2 induced almost no DNA repair response in either 
rat or hamster hepatocytes. This order of potency 
corresponds quite closely with that found in tests on 
bacterial mutagenicity in S.typhimurium TA98 (Sugimura and 
Nagao 1982) and also tests on DNA damage in 
radiation-induced mouse leukaemia cells (Dolara et. » 
1985). However, other workers have found the tryptophan 
pyrolysates to be more potent than the IQ-type mutagens in 
tests for chromosome damage in CHO cells and in a forward 
mutation assay which selected for diphtheria toxin 
resistance in Chinese hamster lung cells (Thompson et al. 
1983, Terada et al. 1986).
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The lack of DNA repair response of Trp-P-2 and low 
response of Trp-P-1 in the UDS assay has also been 
illustrated by Loury and Byard (1983). Decloitre et al. 
(1986) obtained negative results in a UDS assay in rat 
hepatocytes after treatment with Trp-P-1. They attributed 
this result to the inhibition of DNA synthesis which, 
according to their previous results, occurs in the 
presence of Trp-P-1 (Thybaud-Lambay et 1985).
Some of the dose-response curves peaked at 
concentrations of 1 0 ~^M with lower responses occurring at 
concentrations of 10 (e.g. MelQx, AAF and Trp-P-1 in
hamster hepatocytes. Figure 2.1). This effect is probably 
due to the toxicity of the mutagens at the higher 
concentrations. Toxic responses of the tryptophan
pyrolysates and IQ to rat hepatocytes have previously been
-4 -3noted at concentrations of 1x10 M and 1.25x10 M
respectively (Loury and Byard 1983, Barnes et 1985).
There were marked species differences in the magnitude 
of the response of hepatocytes from rats and hamsters. It 
was clear that cells derived from the hamster were 
considerably more sensitive to all the mutagens than rat 
hepatocytes in which only MelQ and AAF gave clear positive 
responses. The greater sensitivity of hamster hepatocytes 
to a variety of chemicals, including AAF, in the UDS assay 
has also been illustrated by Kornburst and Barfknecht 
(1984). Loury and Byard (1985) also noted species 
differences in the response of hepatocytes to IQ and MelQ. 
However, these workers found rat hepatocytes to be more 
sensitive to MelQ than those from hamsters. The reason for
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this conflicting data is not clear since both Loury and 
Byard and myself used Sprague-Dawley rats and Syrian 
hamsters, albeit from different suppliers. The former 
authors failed to obtain clear dose-related effects in 
either species using IQ and MelQ, whereas dose-response 
relationships were obvious in the study reported here, 
particularly when hamster hepatocytes were used.
There are two possible reasons for the differences 
between the species in their responses to the HAAs:-
1) There may be intrinsic differences in the 
susceptibilities of the hepatocytes to the mutagenic 
reactive metabolites.
2) The hepatocytes may possess different abilities to 
activate the mutagens.
Studies of the activation of MelQ to a bacterial mutagen 
(Figure 2.3) demonstrated that hepatocytes derived from 
hamster liver were, indeed, more active than those from 
rat liver. This is also apparent in Ames-type assays of 
IQ, MelQ, Trp-P-1 and Trp-P-2 in which S9 preparations 
from hamsters provide a better activation system than 
S9-mix from rats (Matsushima et 1980, Alldrick and
Rowland 1985). Thus, the second hypothesis appears the 
most likely.
To summarise, the results of this chapter have shown 
that MelQ exerts potent genotoxic effects in the DNA 
repair test, in both rats and hamsters, and also in the 
hepatocyte-mediated bacterial mutagenicity assay. IQ, 
MelQx and Trp-P-1 are capable of inducing UDS in hamster
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hepatocytes in a dose-related manner but Trp-P-2 exerts 
little or no response. The activity of the mutagens in rat 
hepatocytes is less than that in hamster hepatocytes, 
probably due to the lower activation capability of the rat 
cells.
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Chapter 3. Genotoxicity of cooked food mutagens in 
the in vivo UDS assay
3.1 Introduction.
In vitro assay systems often provide a quick assessment 
of the mutagenicity of a compound, but they do not take 
into account uptake, distribution and excretion which 
occur jji ,vivo. Also, the balance between activation and 
detoxification of a compound is often distorted. Thus, in 
vivo assays provide useful information on the action of a 
mutagen in the whole animal.
Short-term vivo assays using the cooked-food
mutagens have, so far, produced variable results (see
1.4). In addition, in almost all the assays employed, the 
heterocyclic aromatic amines (HAAs) have been administered 
by i.p. injection, so any action that the gut or its flora 
may have on the mutagens, would not be detected.
An advantage of the UDS assay is that it can be adapted 
to an jji vivo assay. Mirsalis and Butterworth (1980) were 
the first to develop this jji vivo assay and several groups 
have since found it to be valuable for the detection of a 
variety of genotoxic carcinogens (Mirsalis e^ 1982,
Ashby e^ 1985, Kornburst and Barfknecht 1985).
This chapter reports the activities of the five HAAs 
(IQ, MelQ, MelQx, Trp-P-1, Trp-P-2) and also AAF, in the 
in vivo UDS assay using rats and hamsters.
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3.2 Materials and Methods.
3.2.1 Materials.
Media and chemicals were purchased as in chapter 2. The 
mutagens were obtained as indicated in 2 .2 . 2 and dissolved 
in lOmM acetate buffer (pH 4.0) at a concentration of 0.1 
or 1 . 0  mg/ml.
3.2.2 Animals.
Male Ola:Sprague-Dawley rats, 6 to 8 weeks old 
(210-290g) were purchased from Olac (1976) Ltd, Bicester, 
Oxon. and male Syrian golden (DSN inbred) hamsters, also 6 
to 8 weeks old (85-105g), were obtained from Intersimian, 
Henfield, Sussex. All animals were fed on Rat and Mouse 
No.2 Diet (Special Diet Services, Witham).
3.2.3 Treatment of animals.
Syrian hamsters or Sprague-Dawley rats were given, 
orally, a volume (0 .1-1 . 0 ml) of a mutagen solution or 
lOmM acetate buffer solution. After a suitable period of 
time (1.5-18 hours) one treated animal (given mutagen) and 
one control animal (given buffer) were anaesthetised 
(Sagatal pentobarbitone sodium BP 60mg/kg) and their 
livers perfused by the two-step collagenase perfusion 
technique detailed in 2.2.4.
The viability of the isolated hepatocytes, as 
determined by trypan blue exclusion, was 84.4% ±5.0% (mean 
+ standard deviation) for the rats and 81.2% ±5.9% for the 
hamsters.
57
3.2.4 Treatment of hepatocytes.
The hepatocytes were seeded onto 90mm culture dishes at 
6.7x10^ viable cells/dish in 9ml medium (RPMI 1640 
containing 1 0 insulin, 1 0 hydrocortisone-2 1 -sodium 
succinate, 5% foetal bovine serum and 50[ig gentomycin/ml) 
and incubated in a humidified atmosphere at 37°C for 4hr. 
The medium was then replaced with 10ml fresh medium
containing lOmM hydroxyurea. After a further hour, 10[il
3
[ H]-thymidine and 40pl of DMSO were added to each plate.
To test the iji vitro assay system, to four plates from
each animal was added 40|il of MelQ dissolved in DMSO to
-5give a final 10 M solution, in place of the DMSO. All the 
plates were incubated overnight for 16hr. The cells were 
collected and the DNA isolated as described previously 
(2.2.5 and 2.2.6). Incorporation of [ ]-thymidine (dpm)
into nuclear DNA was measured using a Packard liquid
scintillation counter and expressed per jig DNA (measured 
as in 2.2.7).
3.3 Results.
3
In this iji vivo UDS assay, the amount of [ H]-thymidine
incorporation into hepatocyte DNA of the treated animals
was expressed as a proportion of the incorporation by the
control animal perfused at the same time. Thus,
comparisons may be made between experiments performed on
separate days and with different species. A typical value 
3of [ H]-thymidine incorporation in control cultures was 
550 dpm per 0.5ml extracted DNA, equivalent to 40 dpm/pg 
DNA. As a positive control, some culture dishes from each
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- 5animal were treated _in vitro with 10 M MelQ. DNA 
extracted from these cells showed 2.5 (rats) or 4.0 
(hamsters) fold increases in [ % ] -thymidine incorporation
over control hepatocytes, confirming the results
illustrated in figures 2 . 1  and 2 . 2
Since hamster hepatocytes treated with MelQ showed the
greatest iji vitro response, these species of rodent and
mutagen were used to optimise the ^  vivo assay. To
determine at which timepoint maximum UDS could be
observed, hamsters were dosed with Img MelQ/kg bodyweight
at various times before their livers were perfused (Figure
3.1). The maximum [^H]-thymidine incorporation was
observed at 3 hours (1.5 fold increase over controls) and
this timepoint was used for subsequent experiments.
The mutagens were assayed over a range of
concentrations in both rats and hamsters (Figures 3.2 and
3.3). The rodent carcinogen, 2-acetylaminofluorene (AAF)
was also tested as a positive control. In hamster
hepatocytes very little, if any, UDS was observed. The
3maximum response, a 1.5 fold increase in [ H]-thymidine 
incorporation, was obtained with Trp-P-1 at a 
concentration of O.lmg/kg and MelQ at Img/kg. In rats, the 
responses to IQ and, particularly MelQ, were more potent 
(Figure 3.2). Rats dosed with Img MelQ/kg body weight 
showed nearly a 3-fold increase in [ ] -thymidine 
incorporation over controls.
AAF, Trp-P-1 and Trp-P-2 exhibited no UDS response at 
the 3 hour timepoint in rats. This may be due to the 
exposure period being too short. It has been shown
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rats treated with mutagen over various incubation periods
3
H Thymidine Incorporation
Treated
control
Mutagen 3 hours 12-15 hours 18 hours
AAF 0.84 1.92 0.69
MelQ 2.85 3.72 1.40
Trp-P-2 0.93 1.29 0.51
All mutagens were given by gavage at a dose level of 
Img/kg body wieght.
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previously that AAF produces a greater response at a 12 
hour timepoint (Ashby et 1986). Thus, [^H]-thymidine
incorporation was measured in rats treated with AAF, MelQ 
and Trp-P-2 at 12 and 18 hour exposure periods (Table
3.1). In each case a greater UDS response was observed at 
1 2 hours and this had decreased again by 18 hours.
3.4 Discussion.
Like the vitro UDS assay, the jji vivo assay
illustrated species differences in the responses of rats 
and hamsters to the cooked-food mutagens. However, in 
contrast to the iji vitro assay, rat hepatocytes showed 
greater [^H]-thymidine incorporation than hamsters when 
treated jjn vivo with MelQ and IQ for 3 hours (Figure 3.2) 
and with MelQ and AAF for 12 hours (Table 3.1). The 
tryptophan pyrolysates showed little, if any, response in 
either rats or hamsters.
In the work reported in the previous chapter, freshly 
isolated hamster hepatocytes were shown to be more potent 
in their activation of MelQ to a bacterial mutagen than 
rat hepatocytes (Figure 2.3). Thus, it was expected that 
hamster hepatocytes would also show the greater iji vivo 
UDS response. The reason for this discrepancy is not clear 
but may be related to several factors:-
a) Less mutagen may reach the liver of hamsters due to 
reduced absorption from the gut. However, this seems 
unlikely since a clear peak of UDS response was observed 
at the 3 hour timepoint (Figure 3.1) indicating rapid 
absorption from the gut, rather than slow, protracted 
absorption.
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b) The hepatocytes may be exposed to the mutagens or 
their metabolites for less time due to rapid excretion of 
the compounds. Sjodin and Jagerstad (1984) found that over 
90% of an oral dose of IQ or MelQ was excreted in the 
urine and faeces of rats within 24 hours. It is possible 
that this excretion may be more rapid in hamsters.
c) There may be a particular detoxification pathway
present in the hamsters jji vivo, which was absent in 
vitro.
d) Alternatively the pathway for activation of the
mutagens in rats may be more efficient iji vivo than in 
vitro. Cytochrome P-450 is involved in the activation of 
the HAAS to their mutagenic forms (Ishii e^ a^. 1980a,b, 
Yamazoe et 1983). Maslansky and Williams (1982)
demonstrated that cytochrome P-450 levels declined more 
rapidly in primary cultures of rat hepatocytes than in
cultures from hamsters. Thus, the amount of cytochrome 
P-450-mediated activation of the mutagens in rat cells in 
vitro was possibly lower than the iji vivo level.
e) There may, also, be differences in the abilities of 
rat and hamster intestinal cells to activate the HAAs 
before they reach the liver. However, this is unlikely to 
account for much of the inter-species variation since rat 
intestinal cells have, in general, shown poor activation 
capabilities towards the HAAs . (de Waziers and Decloitre 
1983, Kimura e^ a]^ . 1985, Alexander e^ al. 1987)
A further species difference was apparent in the
differing exposure times required in rats and hamsters to 
achieve the maximum UDS response to the mutagens. The
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results of the timepoint study in hamsters using MelQ 
(Figure 3.1) indicated that the 3 hour timepoint gives the 
greatest [^H]-thymidine incorporation. However in rats, 
AAF, MelQ and Trp-P-2 all showed a larger response at 
12-15 hours (Table 3.1). By 18 hours [^H]-thymidine 
incorporation had decreased again to a value below that of 
the 3 hour timepoint. Thus, the exposure period which 
results in the maximum UDS response in rats is possibly 
between 3 and 12 hours. The fact that rats require a 
longer incubation period than hamsters may reflect 
differences in the rates of absorption of the mutagens in 
the two species.
In both rats and hamsters MelQ induced the most potent 
UDS response, exceeding even that of the carcinogen AAF. 
This was also observed in the iji vitro assay. In hamsters 
particularly, it was apparent that the concentration at 
which the induction of UDS vivo is greatest, is mutagen 
dependent. MelQ exhibited the maximum response at a 
concentration of Img/kg and for Trp-P-1 and Trp-P-2 the 
peak was at O.lmg/kg. At higher doses no UDS was observed. 
This may indicate that the mutagens were toxic to the 
cells at these concentrations.
In summary, the activities of the mutagens in hamsters 
were less than might have been expected from the jji vitro 
results. However, the jji vivo assay probably gave a truer 
reflection of the potency of the compounds in hamsters 
since the assay takes into account the levels of 
absorption, detoxification and activation which occur in 
the whole animal. The in vivo activities of the mutagens
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in rats were similar to or greater than the jjl vitro 
responses and subsequently, rats showed a greater iji vivo 
response than hamsters. Although the activities of the 
HAAS were low in this assay, they were still comparable 
with that of the carcinogen AAF.
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Chapter 4. Activities of heterocyclic aromatic amines 
in a host-mediated assay
4.1 Introduction.
The HAAs are very potent mutagens in the Ames bacterial 
assay using Salmonella typhimurium TA98 (Sugimura 1982, 
see Table 1.2). In this chapter are reported the 
activities of the HAAs in an jji vivo version of Ames' 
test, the host-mediated assay (HMA). In this assay, the 
genotoxicity of the mutagens in the livers of mice, is 
measured by the induction of revertants of S.typhimurium 
TA98 which have previously been administered by tail vein 
injection.
Dolara et al. (1980) studied the activities of 
beef-extract mutagens in a HMA in male Swiss albino mice. 
The mutagens, administered by gavage or by i.p. injection, 
failed to produce a significant genotoxic effect. However, 
Wild e^ (1985) observed dose-related increases in the
number of revertants of S.typhimurium TA98 isolated from 
the livers of male NMRI mice given i.p. injections of IQ. 
Bacterial revertants were also induced in a HMA using a 
single oral dose of IQ.
Alldrick and Rowland (1985) performed Ames bacterial 
assays using S9 fractions prepared from the livers of 
various rodent species. They noted that S9-mix from Swiss 
Webster (SWR) mice was particularly good at activating the 
HAAS, so this species was picked for use in the HMAs 
reported here. However, due to the limited availability of 
the SWR mice, the strain used was later changed to BALB/c
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which also possess an excellent activation capability 
towards the cooked-food mutagens (Alldrick and Rowland,
1985).
4.2 Materials and methods
4.2.1 Materials
Mutagens were obtained as in chapter 2 and dissolved in 
acetate buffer (pH 4.0) at concentrations of 0.1, 0.5 or
1.0 mg/ml. Vogel Bonner agar plates were purchased from 
Lab M, Pendleton, Salford. All other chemicals came from 
Sigma chemical Co., Poole, Dorset.
4.2.2 Animals
Male Swiss Webster (SWR) mice , 6 to 8 weeks old
(20-25g) were obtained from Bantin and Kingman, Yorkshire 
and fed on Rat and Mouse No. 2 diet (Special Diet 
Services, Witham). Female BALB/c mice, also 6 to 8 weeks 
old (18-23g), were purchased from Harlan Olac Ltd, 
Bicester, Oxon and fed on a fibre-free diet (see Table 5.1 
for formula).
4.2.3 Host-mediated assay (HMA)
4.2.3.1 Dose-response study
A modification of the intrasanguinous host-mediated 
assay of Arni et (1977) was used. An inoculum of
Salmonella typhimurium TA98 was incubated overnight in 
nutrient broth at 37°C. The cells were collected by 
centrifugation at 1600g for 15 min and resuspended in 
saline (0.9% v/v) at 4-6x10^^ cells/ml. A volume (0.1 ml)
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of the cell suspension was injected into a tail vein of 
each SWR mouse immediately before an oral dose of acetate 
buffer or mutagen solution ( 1 0 ml/kg body weight ) such 
that animals received 0 , 1 or 1 0 mg mutagen/kg body
weight. Each treatment or control group contained 5-8 
mice. After 1 hour the mice were killed by cervical 
dislocation and the bacteria recovered from the livers as 
described below.
4.2.3.2 Time-course study
A suspension of S.typhimurium (6-7x10^^ cells/ml) was 
prepared as in 4.2.3.1. A batch of female BALB/c mice on a 
fibre-free diet, was divided into six groups, each group 
containing 4-6 mice. Five groups of mice were given an 
oral dose of MelQ (5 mg/kg) or Trp-P-2 (10 mg/kg) and left 
for 1, 2, 3, 4 or 5 hours before being killed by cervical 
dislocation. One hour before being killed, each mouse was 
given 0.1 ml of the S.typhimurium suspension via a tail 
vein. The sixth (control) group of mice received an oral 
dose of acetate buffer ( 1 0 ml/kg) and a simultaneous tail 
vein injection (0 . 1  ml) of the s.typhimurium suspension, 
one hour before being killed.
4.2.3.3 Collection of S.typhimurium and quantification of 
revertant bacteria
The liver of each mouse was removed and homogenised in 
10 ml ice-cold Tris/KCl using an Ultraturrax homogeniser 
(IKA-Labortechnik, Switzerland). Cell debris was 
sedimented by centrifugation for 10 min at lOOg. The 
supernatant was then centrifuged at 170g for 30 min and
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the sedimented bacterial cells resuspended in 1 ml 
Tris/KCl.
The number of His^ revertants was determined by mixing
0 . 1 ml bacterial suspension and 2 ml top agar (containing
0.05 mM histine, 0.05 mM biotin, ampicillin 25 jig/ml) and
pouring on to Vogel Bonner agar plates. Three replicate
plates were made for each liver sample. Total numbers of
bacteria present in each liver were assessed by plating a 
-6dilution ( 1 0 ) of each suspension on nutrient agar
plates. All plates were incubated at 37°C for 48 hours 
before being counted using an Artek automatic colony 
counter.
4.2.4 Assessment of spontaneous reversion frequency at
various bacterial concentrations
An overnight culture of S.typhimurium TA98 was spun at
1600g for 15 min. The cells were resuspended in saline to
a final concentration which was 2 0 times that of the
original suspension. A range of dilutions in saline were
then prepared from the concentrated suspension. Three 0.1
ml aliquots of each dilution were added to 2 ml top agar
(containing 0.05 mM histidine, 0.05 mM biotin, 25 pg/ml
ampicillin) and poured on to Vogel Bonner plates. To
determine total bacterial counts, three 0 . 1 ml aliquots of 
-7 - 8a 1 0 and a 1 0 dilution, were spread on to nutrient 
agar plates. All plates were incubated at 37°C for 48 
hours before being counted using a hand tally.
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4.3 Results
All the HAAS induced revertants in S .typhimurium
isolated from the livers of SWR mice exposed to the
mutagens at doses of 1 or 1 0 mg/kg, the results being
dose-related (Figure 4.1). MelQ was strongly mutagenic
inducing 814 +73 (mean + standard error) and 3006 ±95
revertants per plate at 1 and 1 0 mg/kg respectively.
Trp-P-1, however, was very weak, inducing 15 +2.9
revertants at 1 0 mg/kg, although this differed
significantly from the control (p<0.001:Anova)
The number of revertants induced in the livers by
Trp-P-2 or MelQ varied with exposure period, i.e. the time
between mutagen dose and liver excision (Figure 4.2). In
the case of MelQ the greatest number of revertants was
observed after just one hour of exposure to the mutagen.
In contrast, with Trp-P-2 the number of revertants peaked
3 hours after oral dosing.
One factor which might be expected to influence the
number of revertants arising on the Vogel Bonner plates is
the total number of cells plated. However, in a model
experiment, the mean number of spontaneous revertants that
grew on the Vogel Bonner plates differed by only 2
colonies when a range of 2.88x10^ to 1.15x10^ bacteria
were plated (Table 4.1). The recovery of S .typhimurium
from the livers of the mice in the HMAs ranged from 6x10^ 
9to 3x10 cells per liver (8 to 40% of the injected
suspension). Approximately one tenth of these cells were
7poured with top agar per Vogel Bonner plate i.e. 6x10 to 
3x10^ cells/plate. This falls within the range of plated
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Fig. 4.1 The induction of revertants of S.typhimurium TA98 
in a host-mediated assay using SWR mice exposed to the 
cooked-food mutagens. Results shown illustrate means and 
standard error (bar) of 5-8 animals with control values 
(5.7 ±0.6, mean ± S.E) subtracted.
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Fig. 4.2 The induction of revertants of s.typhimurium TA98 
in a host-mediated assay in BALB/c mice exposed to MelQ 
(#) or Trp-P-2 (■) for various incubation periods. Results 
illustrate means and standard error (bar) with control 
values (6 . 6 ±1.2 for MelQ and 9.7 ±1.8 for Trp-P-2)
subtracted.
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Table 4.1 Influence of the number of bacteria plated on 
spontaneous reversion' frequency of S .typhimurium TA98
Relative Cone, of Number of Number of
bacterial suspension bacteria/plate revertants/plate
(mean + S.D.)
100%
50%
25%
5%
2.5%
1.25%
2.30x10
1.15x10
5.75x10
1.15x10
8
8
5.75x10
2 .8 8 x1 0
33.3 ±5.8
18.6 ±2.5
17.3 ±2.3
17.6 ±2.1
17.3 ±5.1 
17.0 +4.6
An overnight culture of S.typhimurium TA98 (50 ml) was 
centrifuged and resuspended in saline (2.5 ml). This 
bacterial suspension (1 0 0 %) was then diluted in saline to 
various concentrations and poured with top agar on to 
Vogel Bonner plates.
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bacteria which would be expected to give a constant 
background number of spontaneous revertants.
4.4 Discussion
The results of the HMAs indicate that in mice treated 
with IQ, MelQ, MelQx and Trp-P-2, genotoxic products are 
detectable in the liver. Trp-p-1 exhibited only very weak 
effects at the concentrations and under the conditions 
used. The order of potency of the mutagens as judged by 
the number of revertants induced in the dose-response 
study (Figure 4.1) was MelQ > IQ > Trp-P-2 > MelQx > 
Trp-P-1. This closely resembles their mutagenic potency to 
S.typhimurium TA98 iji vitro in the Ames assay (see Table 
1.2).
The pharmacokinetics of MelQ and Trp-P-2 in the HMA 
were very different (Figure 4.2). When MelQ was used in 
the HMA, the largest numbers of revertants were isolated 
from the livers one hour after mutagen dosing i.e. the 
earliest timepoint measured in the HMA. However, Trp-P-2 
showed peak activity 3 hours after administration of the 
mutagen. These results may reflect differing absorption 
and distribution times for the two mutagens within the 
mice, although it seems unlikely that this alone could 
account for the two hours difference in the mutagens' peak 
activities.
Further small time differences might be attributable to 
the different activation pathways of MelQ and Trp-P-2 in 
the liver. Although both mutagens undergo N-hydroxylation 
by hepatic P-448, the ultimate mutagenic form of Trp-P-2
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is thought to be the 0-acyl derivative, whereas MelQ is 
thought to ultimately farm acetyl or sulphate esters (Sato 
et al. 1980). The active metabolite of Trp-P-2, once 
formed, may take longer than that of MelQ to move out of 
the hepatocytes, enter the bacteria and attack the 
bacterial DNA. In a study of the localisation of bacteria 
in mice, Hauser and Matter (1977) found bacteria in 
macrophages, Kupffer cells and sinusoidal blood vessels, 
but not in hepatocytes. Therefore, in the HMAs, the 
reactive metabolites of the cooked-food mutagens must pass 
out of the hepatocytes in order to induce mutations in the 
nearby bacteria.
A further difference between MelQ and Trp-P-2 may occur 
in the metabolism of the mutagens by the gut microflora or 
intestinal mucosal cells, before reaching the liver. 
Gastrointestinal tumours have been reported in 
carcinogenicity studies with MelQ (Ohgaki £t al^ . 1986), 
which suggests that metabolic activation may occur at that 
site. However, no such tumours have been found in 
carcinogenicity studies with Trp-P-2 (Hosaka et 1981,
Matsukura e^ aJL. 1981). If MelQ, but not Trp-P-2, was 
partially or fully activated to its mutagenic form before 
reaching the liver it may be able to mutate the bacterial 
DNA more rapidly than Trp-P-2.
Studies of the metabolism of HAAs by intestinal cells 
from mice have not been reported, however studies using 
rat cells would seem to indicate that little HAA 
activation occurs in the intestinal cells. Alexander e_t 
al. (1987) found that both isolated intestinal cells and
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S9-mix from intestinal cells of rats were poor activators 
of MelQ. In a bacterial test with S.typhimurium TA98, the 
former authors found that the activation of MelQ was many 
orders of magnitude higher with hepatocytes or liver 
S9-mix than with intestinal cells or S9-mix. The 
metabolism of Trp-P-2 by the scraped mucosa of the small 
intestine of rats has also been shown to be very slow in 
comparison with that in the liver (1% of Trp-P-2 
metabolised in 30 min by small-intestinal S9-mix, compared 
with 20% by liver S9-mix; Kimura ^  1985). In
contrast, de Waziers and Decloitre (1983), showed that 
activation of Trp-P-2 in an Ames test was similar with rat 
intestinal S9-mix and liver S9-mix, although the 
activation of Trp-p-1 was less efficient with S9-mix from 
the intestine.
The pharmacokinetics of MelQ and Trp-P-2 might also
extend to the other mutagens of similar structure, so that
IQ and MelQx might give their maximum response at 1 hour
and Trp-P-2 show its peak activity after 3 hours exposure. 
In fact, it was later discovered that IQ did indeed behave 
in a similar way to MelQ in the HMA (see figure 6.1)
The dose-response HMA (Figure 4.1) measured the number 
of revertants induced one hour after administration of the 
mutagen. Thus, the maximum activity of Trp-P-2, and 
probably Trp-P-1, was not measured. It is possible that, 
at its peak activity, Trp-P-2 may have induced more
revertants of S.typhimurium in SWR mice than IQ. However, 
it is unlikely that Trp-P-2 would have exhibited a similar 
peak activity to MelQ since, in the timepoint study
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(Figure 4.2), BALB/c mice dosed with 5 mg/kg MelQ induced 
more revertants at 1 hour than 10 mg/kg Trp-P-2 after 3 
hours exposure. It is also possible that MelQ, and perhaps 
IQ and MelQx, might have shown a greater genotoxic 
activity earlier than the 1 hour exposure period, e.g. 30 
or 45 min, however, these timepoints were not measured due 
to experimental impracticability.
The recoveries of s .typhimurium from the livers of mice 
in these HMAs (8-40%) compared well with those of Arni £t 
al. (1977), who found their recoveries of 3 to 23% to be
"entirely adequate". In these experiments, the number of 
bacteria isolated from the livers (6-30x10^), and thus the
o
number poured per plate (0.6-3x10 ), falls within the 
range expected to produce a constant background count of 
revertants (Table 4.1).
The HMA appears to be more sensitive to the mutagenic 
effects of the HAAs than the UDS assay (see chapter 3). 
This may be due to the different species used in the two 
assays. It was previously shown that S9-mix derived from 
the livers of SWR mice showed greater activation 
capability towards the mutagens, than S9-mix derived from 
Syrian hamsters and Sprague-Dawley rats, although S9-mix 
from BALB/c mice was not significantly different to that 
from the hamster (Alldrick and Rowland, 1985).
However, the most likely explanation for the greater 
sensitivtiy of the HMA is that the indicator of genotoxic 
activity is S.typhimurium TA98, which has shown an 
especial sensitivity to the HAAs. This sensitivity may be 
due to the ability of the bacterium to further metabolise
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HAA precursors to their final mutagenic form. For example, 
Saito ^  (1985) isolated an acetyl CoA-dependent
0 -acetyltranferase from S.typhimurium which was capable of 
transforming N-OH-Trp-P-2 to a reactive derivative. 
Alternatively, the potent mutagenic activity of the HAAs 
in S.typhimurium may be due to the sensitivity of the DNA. 
Trp-P-2, IQ and Glu-P-2 have been shown to bind
preferentially to guanine or GC clusters in the DNA
(Hashimoto and Shudo 1983, 1985, Watanabe et al. 1982b). 
These clusters also form the "hot-spot" for reverse 
mutation in strain TA98 (Ames et ^  1973).
In conclusion, IQ, MelQ, MelQx, Trp-P-2 and, to a 
lesser extent, Trp-P-1 all exhibited genotoxic activity in 
the HMA in SWR mice. The response of MelQ was particularly 
potent. Trp-P-2 and MelQ displayed different
pharmacokinetics in the HMA in BALB/c mice; MelQ reached 
its peak activity earlier than Trp-P-2. The HMA is a more 
sensitive assay of the genotoxic effects of the 
cooked-food mutagens than the UDS assay. However, since
the latter assay actually measures the genotoxicity of the 
HAAs in mammalian DNA it may provide a better indication 
of the mutagens' potency in man.
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Chapter 5. Modification of the in vivo activities of 
cooked food mutagens by dietary fibre
5.1 Introduction.
The vitro activity of the HAAs may be modified by 
dietary factors such as, vegetable extracts (Kada et al.
1978, Inoue et 1981) and vegetable fibre (Kada ^  al.
1984). In an Ames-type assay, Kada ^  £l. (1984) showed
that the numbers of His^ revertants of S.typhimurium TA98 
induced by Trp-P-1 and Trp-P-2 were markedly reduced by 
the addition of vegetable fibre in aqueous solution. 
Fibres from Mung bean sprouts, burdock, sweet pepper, 
cabbage and spinach showed the greatest effect.
Dietary fibre has also been reported to protect against 
cancer, particularly colon cancer, in man (Kritchevsky
1986). Burkitt (1971) was the first to propose the 
hypothesis that the consumption of dietary fibre protects 
against colon carcinogenesis. He noted that Africans, who 
have a low risk of colon cancer, eat more fibre than the
English who have a higher colon cancer incidence.
Several, more recent, epidemiological studies have also 
indicated that dietary fibre intake is negatively 
correlated with colon cancer incidence ( lARC 1977, 
MacLennan e^ a3^ . 1978, Rozen 1981, Bingham et 1985,
McKeown-Eyssen and Bright-See 1984). Case-control studies 
have produced more varied results but, in general, have 
failed to show an inverse correlation between fibre 
consumption and colon cancer (Higginson 1966, Jain et al. 
1980, Phillips 1975). However, the consumption of
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vegetables such as cabbage, broccoli and Brussel sprouts 
have shown a negative correlation in some case-control
studies (Graham et 1978, Haenzsel 1980, Manousos et 
al. 1983).
The ability of dietary fibre to reduce the incidence of 
colonic tumours has been studied in laboratory animals 
exposed to a variety of chemicals including 
1,2-dimethylhydrazine dihydrochloride (DMH) or
azoxymethane. The results appear to depend on the species 
of animal and the type of carcinogen and dietary fibre 
used. In general, poorly fermentable fibre, such as wheat 
bran, cellulose and lignin, inhibit tumour development 
(Fleiszer £t 1978, Freeman et 1978, Barbolt and
Abraham 1978,1980, Nigro £t 1979, Reddy ^  aJ. 1983)
whereas, some more soluble, fermentable fibres including 
pectin, corn bran and guar gum have been shown to enhance 
tumour development (Barnes et. Ël» 1983a, Reddy ^  al. 
1983, Jacobs and Lupton 1986)
Possible mechanisms by which dietary fibre may inhibit 
carcinogenesis include:-
1. Decreasing transit time.
This would reduce the amount of time carcinogens or 
promoters are present within the intestine and, thus,
decrease the time available for interaction with the 
intestinal epithelium. However, studies in humans have
revealed no difference in faecal transit times between 
populations at low and high risk from colon cancer (Glober 
et al. 1977, Jensen et al. 1982)
82
2. Increasing faecal bulk.
An increase in faecal bulk by dietary fibre would 
dilute carcinogens or promoters in the colon. In 
epidemiological studies the concentration of faecal bile 
acids, which are promoters of chemically induced colon 
cancer (Narisawa jet aly 1973), has been shown to correlate 
well with the incidence of large bowel cancer (Hill £t al. 
1971, Crowther et al. 1976). Reddy £l. (1978) compared 
the concentration of faecal bile acids in a population at 
low risk of colon cancer (Kuopio, Finland) with those in a 
high risk population (New York City). They found that 
although the total daily excretion of bile acids was 
identical in the two populations (275 mg/day), the total 
dry weight of faeces was greater in the Finns (60 g/day 
compared with 22 g/day in the Americans) and thus the 
final concentration of bile acids was less (4.6 mg/g dry 
faeces/day compared with 12.3 mg/g dry faeces/day).
3. Modifying metabolism of intestinal microflora.
On entering the colon, some dietary fibre undergoes 
fermentation by anaerobic microorganisms resulting in the 
production of short-chain fatty acids (SCFAs) such as, 
acetic, propionic and butyric acids (Cummings 1983, Nyman 
and Asp 1982). Butyrate has been reported to suppress cell 
proliferation and neoplastic characteristics in mammalian 
cells jji vitro (Hagopian et 1977, Leavitt e_t al.
1978). In addition, the reduction in pH, caused by the 
presence of SCFAs has been postulated to inhibit the 
metabolism of carcinogens and bile acids by the intestinal 
microflora (Thornton 1981).
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4. Adsorption of organic substances.
There is evidence that dietary fibre binds promoters, 
such as bile acids, and carcinogens e.g. DMH, 
theoretically making them unavailable for contact with the 
colon mucosa and reducing their toxic effects. Story and 
Kritchevsky (1976) studied jji vitro binding of the bile 
acids; cholic, chenodeoxycholic and deoxycholic and their 
salts, to the components of dietary fibre, lignin, 
cellulose, alfalfa and bran. The amount of binding was 
dependent on the type of bile acid or fibre, with lignin 
giving the greatest binding and cellulose the least.
Dietary fibre has also been shown to bind jji vitro the 
colon carcinogen DMH (Smith-Barbaro <et a]^ . 1981). The
percentage of DMH bound to wheat bran, corn bran, alfalfa, 
dehydrated citrus pulp or citrus pectin was dependent on 
both the pH of the medium and the type of fibre used. At 
colonic pH, wheat bran showed the greatest amount of 
binding to DMH and pectin the least.
The jji vitro binding of the heterocyclic aromatic 
amines (HAAs) to several dietary fibres has also been 
examined. IQ adsorbs rapidly to corn bran (44% bound at 0 
min incubation time) and less rapidly with wheat bran and 
alfalfa (28% and 26% bound at 0 min, respectively. Barnes 
et al. 1983b). However, after 60 min, with each type of
fibre, only 48-53% of the IQ was bound. Binding of IQ was 
greatest between pH 4 and 6 for both wheat bran and corn 
bran, however much of this binding was reversible. Barnes 
et al ( 1983b) found that only 23% of the IQ was either 
irreversibly bound to wheat bran or not recovered in the
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separation procedure, but this compared well with corn 
bran and alfalfa which irreversibly bound only 1% and 8%, 
respectively, of the IQ.
Morotomi and Mutai (1986) investigated the binding of 
the HAAS to both intestinal bacterial cells and dietary 
fibre, including cellulose, corn bran, apple pulp, soybean 
fibre, chitin and chitosan. The binding to bacterial cells 
showed mixed results, dependent on the type of bacteria 
and mutagen used. In general, the tryptophan pyrolysates 
bound very well to gram-positive bacteria but the IQ-type 
mutagens did not bind well with either gram-positive or 
gram-negative bacteria. Each of the HAAs bound very well 
with corn bran (96-99% bound) but less well with cellulose 
(1-41% bound), chitin (0-61%) and chitosan (0-27%). In 
each case the tryptophan pyrolysates bound more 
efficiently to the fibres than IQ, MelQ or MelQx. The 
binding of Trp-P-2 to corn bran was greatest between pH 5 
and 7.
Although Kada ^  (1984) illustrated that the
mutagenicity of Trp-P-1 and Trp-P-2 may be reduced in 
vitro by vegetable fibre, studies of the effects of fibre 
on the iji vivo genotoxicity of the HAAs, have not 
previously been reported. In chapter 4 it was reported 
that the host-mediated assay (HMA) was a more sensitive in 
vivo assay of the genotoxicity of the cooked food 
mutagens, than the unscheduled DNA synthesis assay. Thus, 
the HMA was chosen for the studies, presented in this 
chapter, on the modification of the dji vivo activity of 
MelQ, Trp-P-2 and IQ by dietary fibre. Two dietary
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concentrations of wheat bran were examined and also one 
study was carried out using cabbage fibre.
Dietary fibre is mainly composed of cellulose, 
hemicelluloses, lignins, pectins, gums and mucilages 
(Connell 1981). These components are found in various 
amounts depending on the type of fibre. In order to 
evaluate which component of dietary fibre gives the 
greatest effect, the results of HMAs, in which mice were 
fed diets containing a-cellulose, lignin, corn bran (which 
is high in hemicelluloses) and pectin, are also reported 
in this chapter.
5.2 Materials and Methods
5.2.1 Chemicals
MelQ, IQ and Trp-P-2 were obtained as described in 
chapter 2 and dissolved in acetate buffer (pH 4.0) at 
concentrations of 0.5, 1.0 and 1.0 mg/ml respectively.
Vogel Bonner agar plates were either purchased from Lab M, 
Pendleton, Salford or made in the laboratory to the 
recipe; 1.5% agar, 2% glucose, 2% salts solution 
(containing (g/1 ) magnesium sulphate (1 0 ), citric acid 
(100), potassium phosphate (500), sodium ammonium 
phosphate (175)). All other chemicals were purchased from 
Sigma chemical Co., Poole, Dorset.
5.2.2 Animals
Female BALB/c mice were purchased from Harlan Olac 
Ltd., Bicester, Oxon, at age 3 weeks and fed (ad libitum) 
on the appropriate diet until they were 7 - 8 weeks old.
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5.2.3 Diets
Boots Second Nature wheat bran, containing 44% fibre, 
15% protein, 4% fat and 19% carbohydrate, was purchased 
from Boots p.I.e., Nottingham. Cabbage fibre was kindly 
donated by J.H.Cummings, Dunn Clinical Nutrition Centre, 
Cambridge. Citrus fruit pectin and a-cellulose were 
purchased from Sigma Chemical Co., Poole, Dorset. Lignin 
(Indulin AT) was a generous gift from Westvaco 
Corporation, South Carolina, USA, and corn bran a kind 
gift from A.E.Staley Manufacturing Co., Illinois, USA.
A fibre-free diet was made up to the recipe detailed in 
Table 5.1 so that nutrients were supplied in the 
proportions recommended by the NRC (National Research 
Council 1978). This diet was then fed to the mice in its 
fibre-free form or supplemented with 10% or 30% (w/w)
wheat bran, 1 0 % (w/w) cabbage fibre, 1 0 % (w/w) lignin, 1 0 % 
(w/w) pectin, 1 0 % (w/w) cellulose or 1 0 % (w/w) corn bran.
Diets containing wheat bran were fed to the mice for 4 
weeks prior to the HMA. Diets supplemented with pectin, 
corn bran, cellulose and lignin were fed to the animals 
for 2 weeks and, due to the limited supply, the 1 0 % 
cabbage fibre diet was fed to the mice for just 1 week, 
before the HMA. In the weeks prior to receiving the fibre 
supplemented diets, mice were kept on the fibre-free 
diets.
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Table 5.1 Composition of diets
Diet Ingredient Amount, g/kg
Fibre-free Maize Starch 755
Casein 150
Mineral mix^ 35
Vitamin mix^ 1 0
Corn Oil^ 50
Fibre-containing Amount added
diets to 1 kg diet
10% Wheat bran Wheat bran 1 1 1
30% Wheat bran Wheat bran 429
10% Cabbage fibre Cabbage fibre 1 1 1
10% Lignin Lignin 1 1 1
10% Cellulose a-cellulose 1 1 1
10% Corn bran Corn bran 1 1 1
10% Pectin Citrus fruit pectin 1 1 1
^ contained (g/kg) sodium metasilicate (5.34) potassium 
citrate (290.1) calcium tetrahydrogen di-orthophosphate 
(275.7) calcium carbonate (241.6) magnesium sulphate 
(139.3) sodium chloride (37.34) trace mix (10.62) 
[ammonium molybdate (0.196),potassium iodide
(0.523),sodium selenate (0.904),chromic chloride
(2.618),ammonium metavanadate (3.045),sodium fluoride 
(6.093),stannic chloride (7.811),cupric carbonate
(26.18),nickel sulphate (37.07),zinc carbonate
( 57.87),manganous carbonate ( 285.4),ferric citrate 
(572.29) ]
contained (g/kg) cyanocobalamin (0 .0 0 1 ) cholecalciferol 
(0.0025) menadione (0.005) biotin (0.02) folic acid (0.2) 
thiamin hydrochloride (0 .6 ) riboflavin (0 .6 ) pyridoxine 
hydrochloride (0.7) calcium pantothenate (1.6) retinyl 
palmitate (400000 iu)(1.6) nicotinamide (3.0) inositol
(20.0) choline chloride (134.0) maize starch (837.7)
contained 1 g/1 dl- -tocopheryl acetate (Vitamin E)
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5.2.4 Host-mediated assays (HMAs)
Groups of 4-6 mice, fed either the fibre-free, purified 
diet or the same diet supplemented with bran, cabbage 
fibre, pectin, cellulose, lignin or corn bran, were given, 
by gavage, acetate buffer ( 1 0 ml/kg body weight; 
controls), MelQ (5 mg/kg), IQ (10 mg/kg) or Trp-P-2 (10 
mg/kg). The concentration of the mutagen solutions were 
such that all animals recieved 10 ml/kg body weight. At 
various time intervals after gavage, the mice were given, 
via a tail vein, 0 . 1  ml of a suspension of S . typhimurium 
TA98 (3-7x10^^ cells/ml) prepared as described in 4.2.3.1. 
The mice were killed by cervical dislocation 1 hour after 
administration of bacteria.
S.typhimurium were collected from the livers of mice 
and the number of revertant bacteria assessed according to 
the procedure detailed in 4.2.3.3. Recoveries of 
S.typhimurium from the livers of mice in these experiments 
ranged from 10 to 50% of the injected suspension 
(7x10^-3.5x10^ cells per liver).
The data were subjected to analysis of variance 
(Snedecor and Cochran 1968) using the Minitab (Ryan e^ al. 
1976) or Genstat (Alvey et £l. 1982) statistical packages. 
Data were transformed to the square root prior to analysis 
to normalize the distribution. Comparisons between values 
were carried out using the least significant difference 
method (Snedecor and Cochran 1968).
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5.3 Results
In the HMAs reported in this chapter, there were 
sometimes large variations in the numbers of His 
revertants recovered from the livers of mice within 
groups. This was probably due to differing amounts of diet 
in the stomach and intestines of the animals. A mouse 
which has recently eaten a high fibre diet may exhibit 
only a low frequency of revertants, whereas a mouse which 
has not eaten for several hours, may quickly absorb the 
mutagen and a large number of revertants may be induced. 
In order to minimize this variation, all the HMAs were 
carried out in the early morning, soon after the mice had 
eaten, but inevitably there were some differences in 
amount of diet consumed. The inter-animal variation was 
accounted for in the statistical analyses of significant 
differences.
The number of revertants induced by MelQ in mice fed 
1 0 % wheat bran was similar to that induced in animals fed 
the fibre-free diet at all time points studied (Figure
5.1). In the case of animals treated with Trp-P-2, a 
dietary difference was apparent, but because of large 
interanimal variation, the difference was not significant 
(Figure 5.2). However, in the HMAs using mice fed 30% 
wheat bran diets (Figures 5.3, 5.4 and 5.5), the reduction 
in the number of revertants induced by IQ, MelQ or Trp-P-2 
in the mice fed bran was highly significant (p<0 . 0 0 1  
Anova).
In the case of MelQ (Figure 5.3) and IQ (Figure 5.4) 
the greatest diet-related differences in mutation
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frequency were seen one hour after oral dosing of the 
mutagen. This corresponds to the time at which these 
mutagens induced the maximum number of revertants of
S.typhimurium in mice on a fibre-free diet. In the HMA 
using Trp-P-2 (Figure 5.5), the greatest reduction in 
numbers of induced mutants associated with feeding 30% 
bran occured at the three hour timepoint, again at the 
time of maximum response in the mice fed the fibre-free 
diet. The effect of the 30% wheat bran diet was still 
significant (p<0.05) five hours after dosing of Trp-P-2.
In the HMA illustrated in figure 5.5, the 
pharmacokinetics of the response of the Trp-P-2-treated 
mice on the fibre-free diet were similar to those shown in 
figure 4.2. This is in contrast to the HMA in figure 5.2 
in which there was no peak in Trp-P-2-induced mutation 
frequency at three hours, but rather a steady increase in 
the number of revertants induced, over the five hours. 
MelQ exhibited similar pharmacokinetics in these assays 
(Figures 5.1, 5.3 and 5.6) and in the HMA illustrated in 
figure 4.2. The pharmacokinetics of IQ (Figure 5.4) 
resembled those of MelQ (Figure 5.3).
In mice fed 10% cabbage fibre, MelQ induced 
significantly less His^ revertants (p<0.05) at one hour 
than in mice on the fibre-free diet (Figure 5.6). However, 
no significant differences between diets were apparent by 
two hours and, in fact, the number of revertant bacteria 
recovered from the mice fed 1 0 % cabbage fibre was slightly 
greater than the number from control mice on the 
fibre-free diet, at the 2 hour timepoint.
91
1600
1 4 0 0
Q) 1200
4-j
jg
CL 
m  1 0 0 0  
a
CO
C  8 0 0  
CÜ
6 0 0
CD 
>
CD 
OC
4 0 0
2 0 0
1 2  3
Time of Mutagen Exposure (hours)
Fig. 5.1 HMA in mice fed a fibre-free (O) or 10% wheat 
bran diet (•) and exposed to MelQ. Results show means and 
standard error of 4-5 mice. Mice dosed with acetate buffer 
induced 12.0 +6 . 0 (O) or 8 . 0  +2.0 (•) revertants/plate 
(mean + S.E). Body and liver weights were 14.8 +1.3g and 
0.70 +0.09g (O) (mean + S.D), respectively and 15.7 +1.2g 
and 0.75 +0.05g (#). Statistical analysis revealed no
significant difference between diets
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Fig. 5.2 HMA in mice fed a fibre-free (□) or 10% wheat 
bran (B) diet and exposed to Trp-P-2. Results show means 
and stadard error of 5 mice. Mice dosed with acetate 
buffer induced 17.0 ±4.0 (□) or 19.0 ±10.0 (fl)
revertants/plate (mean ±S.E). Body and liver weights were 
17.6 ±1.2g and 0.75 ±0.06g (□) (mean ± S.D), respectively 
and 17.6 ±1.3g and 0.73 ±0.06g (fl) . Statistical analysis 
revealed no significant difference between diets.
(D+-«
ÛL
L_
<D
a
co
C
03
•4-»
CD
>
CD
(0
ir
24001
2200
2000 -
1 8 0 0 -
1 6 0 0 -
1 4 0 0
1 2 0 0
1000 -
8 0 0 -
6 0 0 -
4 0 0 -
200
93
1 2 3
Time of Mutagen Exposure (hours)
Fig. 5.3 Comparisons of numbers of revertants induced by 
MelQ in a HMA using mice fed a fibre-free (Q) or 30% wheat 
bran (#) diet. Results show means of 5-6 mice. Mice dosed 
with acetate buffer only induced 13.8 +4.3 (O) (mean + 
S.E) or 14.1 +5.1 (#) revertants/plate. Body and liver
weights were 16.4 ±1.3g and 0.72 ±0.10g (Q) (mean + S.D), 
respectively and 16.0 +1. 4g and 0.68 +0. 08g (0). ***
represents p<0.001; Anova.
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Fig. 5.4 Comparisons of numbers of revertants induced by 
IQ in a HMA using mice fed a fibre-free (O) or 30% wheat 
bran (4) diet. Results show means of 4-5 mice. Mice dosed 
with acetate buffer only induced 1 2 . 7  +4 . 8 (0 ) (mean +
S.E) or 9.1 +2.9 (♦) revertants/plate. Body and liver
weights were 16.0 +l.lg and 0.67 +0.09g (0) (mean + S.D), 
respectively and 16.1 ±2 .6g and 0 . 6 8  +0.13g (♦) . ***
represents p<0.001; Anova.
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Fig. 5.5 HMA in mice fed a fibre-free (□) or 30% wheat
bran diet (■) and exposed to Trp-P-2. Results show means
of 4-5 mice. Mice dosed with acetate buffer induced 18.5 
+3.0 (□) or 20.5 +4.4 (■) revertants/plate (mean + S.E).
Body and liver weights were 17.1 +1.2g and 0.68 +0.07g (□)
(mean + S.D), respectively and 16.4 +1.2g and 0.63 +0.08g 
(U) . *** represents p<0.001, * represents p<0.05; Anova.
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Fig. 5.6 HMA in mice fed a fibre-free (O) or 10% cabbage 
fibre (•) diet and exposed to Trp-P-2. Results show means 
of 3-5 mice. Mice dosed with acetate buffer induced 18.6 
+6.5 (O) or 17.1 +6.1 (•) revertants/plate (mean +S.E). 
Body and liver weights were 15.7 +1.4g and 0.70 +0.09g (O) 
(mean + S.D), respectively and 15.7 +1.3g and 0.71 Jil.OOg 
(O) . * represents p<0.05; Anova.
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Figures 5.7 and 5.8 show the results of HMAs using MelQ 
in which the responses of mice fed various types of fibre, 
including some components of wheat bran, were compared 
with those of control mice fed the fibre-free diet. 
Lignin-fed mice showed the greatest divergence (p<0 .0 1 ) 
from the response of control mice and this occurred two 
hours after dosing with MelQ. A diet supplemented with 10% 
corn bran also produced a significant reduction (p<0.05) 
in the number of His^ revertants recovered from the mice. 
However, mice fed cellulose or pectin diets, did not show 
significantly different responses from the control mice, 
although a slight reduction in the number of revertants 
induced was apparent with both diets at certain 
timepoints.
Body and liver weights of mice fed the wheat bran or 
cabbage fibre diets did not differ greatly from those of 
mice fed fibre-free diet (see legends to figures). Less 
than Ig difference was observed in the body weights and 
0.05g or less between liver weights. Mice on corn bran, 
lignin and cellulose diets also showed similar body 
weights to control mice fed the fibre-free diet, however 
the liver weights of mice fed lignin were higher (by 
0.09g) than control mice. Mice fed pectin showed lower 
body and liver weights than control mice.
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Fig. 5.7 HMA in mice fed a fibre-free, 10% pectin or 10% 
corn bran diet and exposed to MelQ. Results show means
of 5-6 mice. Mice dosed with acetate buffer induced 23.7 
±6.0 (□), 29.4 ±12.1 (II) or 21.8 ±9.4 (’iSi) revertants/plate 
(mean ± S.E). Body and liver weights were 17.3 ±l.lg and
0.76 ±0.06g (□) (mean ±  S.D), respectively and 15.9 ±1.2g 
and 0.67 ±0.06g (II) and 16.6 ±1.0 and 0.71 ±0.05 (# . * 
represents p<0.05; Anova.
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Fig. 5.8 HMA in mice fed a fibre-free,10% cellulose or 10% 
lignin diet and exposed to MelQ. Results show means of
4-6 mice. Mice dosed with acetate buffer induced 26.7 +2.7 
(□) f 24.9 +5.9 i/y) or 25.3 +3.6 (V) revertants/plate (mean 
+S.E). Body and liver weights were 17.4 +1.6g and 0.78 
+0.09g (□) (mean + S.D), respectively and 16.8 +1.4g and
0.74 ±0.08g (y) and 16.6 ±1.0 and 0.87 +0.10 Cv) . **
represents p<0.01; Anova.
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5.4 Discussion
The results presented in this chapter show that dietary 
fibre can reduce the genotoxic effects of IQ, MelQ and
Trp-P-2 in the HMA. Mice fed the 30% wheat bran diet 
showed the most significant reduction in the number of 
revertants induced (Figures 5.3, 5.4 and 5.5).
The small, non-significant, difference in induced 
mutation frequency between mice fed the fibre free or 1 0 % 
bran diet may be explained by the low content of actual 
dietary fibre in the bran diet. The wheat bran used in
these experiments contained 44% dietary fibre (see 5.2.3), 
thus, the concentration of fibre in the 1 0 % bran diet was
4.4% and in the 30% bran diet, 13.2%. In the HMAs with 10%
bran (Figures 5.1 and 5.2), the total fibre content (4.4%) 
was probably too small to affect, significantly, the large 
dose of mutagen (5 mg MelQ/kg, 10 mg Trp-P-2/kg) given to 
the mice.
In mice fed the diet containing 30% wheat bran (13.2% 
fibre) a significantly lower number of revertants was 
induced by IQ and MelQ than in mice on a fibre-free diet 
(Figures 5.3 and 5.4). Since this difference was greatest 
1 hour after mutagen dosing, it is likely that the fibre 
exerted its effect in the stomach or small intestine. 
Thus, it is improbable that fermentation of the bran by 
colonic microflora plays a part in the reduced 
genotoxicity of IQ and MelQ in the HMA. The fibre may 
produce its effects by:
1. Binding the IQ or MelQ, thus reducing the amount free 
to be absorbed by the gut and be transported to the liver.
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This would be in keeping with the work of Barnes et al. 
(1983) who found that IQ bound to wheat bran in aqueous 
solution iji vitro;
2. Decreasing the transit time of MelQ and IQ so that the 
mutagens have less time to be absorbed by the gut;
3. Dilution of MelQ or IQ in the gut contents so that 
less is absorbed or the absorption is slowed. If 
absorption was merely slowed we might expect the bran-fed 
mice to induce more revertants at the later timepoints, 
but this was not seen. At 2 and 3 hours the number of
revertants induced by mice on the 30% bran diet was less
than or equal to the number induced by animals receiving 
no fibre (Figures 5.3 and 5.4);
4. Altering the enzyme activities in the liver. If the
levels of the activating or detoxifying enzymes were 
altered in the livers of mice continually fed a 30% bran 
diet, this may have reduced the capacity of the livers to 
metabolise IQ or MelQ to their active forms. However, in a 
bacterial mutagenicity assay using S9-mix prepared from 
the livers of mice fed the fibre-free diet or from mice 
fed the 30% bran diet for 5 weeks, there was no difference 
in the abilities of each type of S9-fraction to activate 
MelQ or Trp-P-2 (A.Alldrick, personal communication).
Furthermore, in a study of several biochemical 
parameters in the livers of mice fed the fibre-free or 30% 
bran diet no significant diet-related differences were 
found (A.Alldrick and B.Lake, personal communication). 
These parameters, assayed according to the procedure of 
Collins et al. ( 1984), included: total protein;
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non-protein sulphydryl groups; microsomal protein; 
cytochrome P-450; the mixed function oxidases, 
ethylmorphine N-demethylase, 7-ethoxycoumarin 0-deethylase 
and 7 -ethoxyresorufin 0 -deethylase; cytosolic protein and 
glutathione transferases using 1,2 dichloro-4- 
nitrobenzene, 1 chloro-2 ,4 -dinitrobenzene, l,2-epoxy-3-
(p-nitrobenzoxy)propane or p-nitrobenzyl chloride as 
substrates.
In the HMA using Trp-P-2 and the 30% bran diet (Figure 
5.5), the greatest diet-related difference in His^ 
revertant numbers occurred 3 hours after mutagen exposure. 
With the 10% bran diet, the reduced number of revertants 
induced by the Trp-P-2 was, also, most noticeable at the 
later timepoints (Figure 5.2).
The reason for this delayed effect of bran on the 
genotoxicity of Trp-P-2 is not clear. It might be that 
Trp-P-2 takes longer than MelQ to bind to wheat bran or 
binds at the higher pH found in the distal regions of the 
gut. Alternatively, the apparent delayed effect might just 
be a factor of the longer time that Trp-P-2 takes to reach 
its peak activity and thus, for the bran to show its 
effect. Another explanation might be that the fibre 
affects the metabolism of gut flora or mucosal cells which 
may activate the Trp-P-2 . However, Rafter and Gustafsson 
(1986) and Kimura e^ ^  (1985) have demonstrated that
there is very little metabolism of the tryptophan 
pyrolysates by gut mucosal cells or intestinal microflora, 
although de Waziers and Decloitre (1983) did show a 
similar activation by intestinal and liver S9-fractions. A
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lack of activation of Trp-P-1 and Trp-P-2 by the 
small-intestinal mucosal cells would be in keeping with 
the carcinogenicity studies, which have found no tumour 
growth in the intestines of tryptophan pyrolysate-treated 
mice and rats (Hosaka ^  1981, Matsukura e_t al. 1981,
Takayama et al. 1985).
In mice fed a diet containing 10% cabbage fibre, MelQ 
induced fewer revertants than in mice on a fibre-free diet 
1 hour after mutagen exposure. At later time points no 
significant differences were apparent (Figure 5.6). Thus, 
the cabbage fibre, like the wheat bran, appears to exert 
its effect in the proximal region of the gastrointestinal 
tract.
In studies of different sources of dietary fibre, 
including components of wheat bran, the reduction in the 
number of revertants induced, compared with the mice on 
the fibre-free diet, was most significant in mice fed the 
10% lignin and 10% corn bran diets (Figures 5.7 and 5.8). 
Morotomi and Mutai (1986) showed that MelQ bound very 
effectively to corn bran jji vitro (only 2 % remained 
unbound after 90 minutes). Also, Barnes ^  a]^ . (1983b)
demonstrated that the binding of IQ to corn bran was very 
rapid, thus, if MelQ also binds rapidly, this might 
account for the reduction in the number of His^ revertants 
induced in mice on the 1 0 % corn bran diet, 1 hour after 
dosing with mutagen. The binding of MelQ to lignin has not 
been reported. In the HMA (Figure 5.8) fewer revertants 
were induced in the lignin fed mice two hours after dosing 
with MelQ, thus lignin appears to exert its effect lower
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down the gut than the corn bran. Alternatively, the lignin 
may act by changing the metabolism of MelQ in the liver 
since lignin fed mice showed an increased liver weight. 
The reason for this weight increase is not clear.
Mice fed 10% pectin or 10% cellulose diets showed no 
significant decrease in the number of revertants induced 
at either timepoint (Figures 5.7 and 5.8). Although 
cellulose has shown evidence of protection against colon 
cancer jji vivo in mice treated with DMH (Freeman e^ al. 
1978,1980), it is a poor adsorber of both HAAs and bile 
acids Jji vitro (Morotomi and Mutai 1986, Story and 
Kritchevsky 1976). Pectin frequently has shown an 
enhancement of tumour development in DMH-treated rats 
(Bauer et 1979,1981, Jacobs and Lupton 1986). It also
binds DMH poorly iji vitro at intestinal pH (Smith-Barbaro 
et 1981) .
Wheat bran is composed of 31% hemicellulose, 9%
cellulose and 4% lignin (Van Soest 1981). Of these three 
components of wheat bran, the lignin and hemicelluloses 
probably have the greatest effect in reducing the 
genotoxicity of HAAs in the assays using wheat bran. 
However, neither lignin nor corn bran showed an effect as 
significant as that of the 30% wheat bran diets. This may 
have been due to the lower amounts of dietary fibre in the 
10% lignin and 10% corn bran diets. However, since only 
44% of the bran is fibre, the final concentration of 
dietary fibre (13.2%) was not much different from the 
concentration in the 1 0 % pure fibre diets.
Another reason why lignin, corn bran, cellulose and
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pectin diets were less effective than the 30% bran diet, 
may be that the large effect of bran is dependent on the 
combined effect of all it's constituents. This might be 
investigated by feeding mice a diet containing a
combination of the three components, in the proportions in 
which they are found in wheat bran, and performing a
further HMA using MelQ.
To summarise, it is apparent from the studies presented 
in this chapter, that dietary fibre reduces the
genotoxicity of IQ, Trp-P-2 and MelQ in the HMA. The 
maximal effect was seen in mice fed a 30% wheat bran diet, 
although significant reductions in numbers of His^ 
revertants induced, were also seen in mice fed 1 0 % cabbage 
fibre, 10% corn bran and 10% lignin diets. Diets 
containing 1 0 % wheat bran, 1 0 % pectin and 1 0 % cellulose 
produced no significant effects. The action of wheat bran 
on IQ and MelQ was rapid with the greatest decrease in
genotoxicity occurring at 1 hour, however, in mice treated 
with Trp-P-2, a significant effect was not observed until 
3 hours after administration of the mutagen. The 
mechanisms of the action of wheat bran and other types of 
fibre are not known, although the binding of the HAAs may 
be a factor.
106
Chapter 6 . Distribution and absorption of [^^C]-IQ
14and [ C]-MeIQ in mice
6.1 Introduction.
In order to interpret fully the results of HMAs in mice
fed the fibre-free or bran diets, more information is
required about the fate of the cooked-food mutagens in
vivo. In this chapter are reported the results of studies
of the distribution of [ -labelled IQ in a HMA in.mice
fed a fibre-free diet. Also reported are the results of
distribution studies using [^^C]-MeIQ given orally to mice
on the fibre-free and 30% wheat bran diets.
In autoradiographic distribution studies of
i.v.-injected [^^C]-IQ and [^^C]-MeIQ in mice, Bergman
(1985) found that radioactivity rapidly accumulated in the
metabolic and excretory organs, including the liver,
kidneys, bile duct, urinary tract, stomach, intestines and
salivary glands. In the liver and kidneys, some of this
activity was covalently bound. IQ and MelQ also showed a
strong affinity for melanin; large uptakes of
radioactivity occurred in the retina and skin of
pigmented, but not albino, mice. Rapid uptake of
radioactivity was also noted in the lymphomyeloid,
endocrine and reproductive tissue, although this activity
usually decreased by 1 hour post-injection. This pattern
14of distribution of [ C]-labelled IQ and MelQ in mice was
very similar to that found in an earlier autoradiographic
14distribution study using i.v.-injected [: C]-Trp-P-1 
(Brant et al. 1983). .
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14The excretion of an oral dose of [ C]-IQ or [ c]-MeIQ 
in rats was rapid with more than 90% excreted in 24 hours 
(Sjodin and Jagerstad 1984). After 24 hours 40-65% of the 
radioactivity was in the faeces and 36-46% in the urine. 
At the end of the study (72 hours) less than 1.6% of the 
radioactivity remained in the carcasses and only trace 
amounts had been detected in the expired air.
In a separate study Sjodin and Jagerstad (1984) also 
measured, at 1 hour intervals the excretion of [^^C]-IQ 
and [^^C]-MeIQ in bile. About 70% of the IQ-derived 
radioactivity was excreted in the bile over 24 hours, with 
most of the radioactivity appearing 2 hours after the oral 
dose. The bile excretion pattern of [^^C]-MelQ was quite 
different with a total of 80% of the radioactivity 
excreted in several small peaks at 2, 7, 11 and 14 hours.
It appears unlikely that the radioactivity excreted in 
the experiments of sjodin and Jagerstad (1984) was in the 
form of unmetabolised IQ and MelQ since no mutagenicity 
was detected in either the urine or extracts of the 
faeces, however, the bile did show mutagenic activity to 
S.typhimurium TA98 in the presence of S9-mix. Thin-layer 
chromatography of the urine and bile-fluid revealed 7 or 8 
possible metabolites and only minor spots corresponding to 
unchanged IQ or MelQ (Sjodin and Jagerstad 1984). Other 
groups have also noted that only very small amounts of 
injected IQ and MelQ are excreted unmetabolised. In 
general, less than 2% unchanged IQ or MelQ is excreted in 
the urine and less than 5% found in the faeces (Barnes and 
Weisburger 1985, Turesky et al. 1986, Stormer et al.
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1987).
In mice fed a fibre-free or bran diet, the absorption 
rates of heterocyclic aromatic amines (HAAs) from the gut 
may be different. To test this hypothesis and to find 
which part of the gut more readily absorbs the mutagens, a 
study was made of the absorption of [^^C]-MeIQ from the 
ligated stomachs or small intestines of mice on the 
fibre-free or 30% wheat bran diet and the results reported 
here, previously, Kimura £t (1985) performed a similar
'closed-loop' absorption study in rats using Trp-P-2. They 
found that very little Trp-P-2 was absorbed from the 
stomach, but absorption was rapid from the small and large 
intestines, particularly at high pH (8.0). Since the 
acidity or alkalinity of the environment appears to be 
important in both gut absorption of HAAs (Kimura et al. 
1985) and binding to dietary fibre (Barnes e_t 1985),
the pH of the various sections of the gastrointestinal 
tract were also measured and the results reported in this 
chapter.
6.2 Materials and Methods
6.2.1 Materials
Vogel Bonner agar plates were purchased from Lab M, 
Pendleton, Salford. Sagatal pentobarbitone sodium B.P. 
came from May and Baker, Dagenham, Essex. Soluene 350 
tissue solubiliser and Hionic-fluor scintillation fluid 
were obtained from Canberra Packard, pangbourne, 
Berkshire. All other chemicals were bought from Sigma 
Chemical Co., Poole, Dorset.
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6.2.2 Mutagens
[2-^^C]-IQ (specific activity, 10 mCi/mmol) and 
t2-^^C]-MeIQ (specific activity, 10 mCi/mmol) were 
purchased from Toronto Research Chemicals Inc., Ontario, 
Canada. The mutagens were stored frozen in DMSO at a 
concentration of 2.00mg/ml (IQ) or 2.13mg/ml (MelQ) and 
100 [iCi/ml. Immediately prior to an experiment the 
solution of [^^C]“labelled mutagen was mixed with acetate 
buffer and unlabelled IQ or MelQ to give the required 
concentration of mutagen and radioactivity. Unlabelled IQ 
and MelQ were obtained as detailed in 2.2.2.
6.2.3 Animals
Female BALB/c mice, age 3 weeks, were purchased from 
Harlan Olac Ltd, Bicester, Oxon, and fed on either a 
fibre-free or 30% wheat bran diet (see Table 5.1 for 
formula) for 4 to 5 weeks
6.2.4 Host-mediated assays and radio-distribution studies.
6 .2.4.1 Treatment of animals with [^^C]-IQ.
A batch of mice (body weight 14.6 +1.3g, liver weight
0.67 +0.1g; mean + standard deviation) fed the fibre-free
diet, was divided into 6 groups of 5 mice each. One group
(control) was given an oral dose of acetate buffer ( 1 0
ml/kg body weight). The other five groups were dosed
14orally with [ C]-IQ, so that each mouse received 10 mg IQ 
and 5 (iCi per kg body weight. The mice were then left for
1, 2, 3, 4 or 5 hours before being killed by cervical
dislocation. The control group was killed after 1 hour. An 
hour before being killed each mouse was injected, via a
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tail vein, with 0 . 1 ml of an overnight culture of
S.typhimurium TA98 in 0.9% saline. The bacterial 
suspension, prepared as detailed in 4.2.3.1, contained 
3.3x10^0 cells/ml.
6.2.4.2 Treatment of animals with [^^C]-MeIQ.
Mice were fed either the fibre-free diet or the same 
diet supplemented with 30% wheat bran. Mice fed the 
fibre-free diet weighed 16.7 +1.5g (mean + standard
deviation) with liver weights of 0 . 6 6 +0.09g and mice on 
the 30% bran diet had body and liver weights of 15.5 +1.4g 
and 0. 60 +0.06g respectively. Groups of 5-6 mice on each 
diet were given an oral dose of acetate buffer ( 1 0 ml/kg 
body weight) or [^^C]-MeIQ (5 mg MelQ and 5 jiCi/kg b.w.). 
After 1, 2 or 3 hours the mice were killed by cervical
dislocation . An hour prior to being killed the mice were 
given an injection (0.1 ml) of S.typhimurium (2-3x10^^ 
cells/ml; see section 4.2.3.1) via the tail vein.
6 .2.4.3 Collection of S.typhimurium from the livers and 
quantification of revertant bacteria.
In the studies using both [^^C]-IQ and [^^C]-MeIQ, the 
liver of each mouse was removed, placed in a plastic 
universal bottle and weighed. Ice-cold Tris/KCl was addded 
to give a final 1 0 % (w/v) suspension and the liver
homogenised using an Ultraturrax homogeniser. A sample 
(0.5 ml) of the homogenate was placed in a plastic 
scintillation vial and stored at -20°C prior to 
determination of radioactivity. Cells of S.typhimurium 
were collected from the remaining homogenate and the 
number of revertant bacteria determined as in 4.2.3.3.
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Recoveries of organisms from the livers in these
experiments ranged from 8 % to 48% of the injected
8 9suspension i.e. 2x10 to 1.5x10 cells per liver.
6.2.4.4 Measurements of radioactivity in the liver and 
other organs.
In addition to the liver, the lungs, spleen and kidneys
14were removed from [ C]-IQ treated mice; in experiments 
14with [ C]-MeIQ, the liver, lungs, kidneys, spleen and 
blood or liver, kidneys, blood, stomach, small and large 
intestine were removed.
Lungs, spleens and kidneys were placed in universal 
bottles, weighed, and Tris/KCl added to give 5% (w/v)
suspensions. The suspensions were homogenised using an 
Ultraturrax homogeniser then frozen at -20°C prior to 
determination of radioactivity as below.
The contents of the stomachs and intestines were 
suspended in 5 ml 0.9% saline. These suspensions were also 
stored at -20°C.
Immediately following cervical dislocation of 
[^^C]-MeIQ treated mice, the hearts were cut open and a 
sample (0 .1ml) of blood collected into a heparinised 
syringe. The blood samples were placed in scintillation 
vials, weighed and stored at -20°C.
Samples (0.5 ml) of the thawed tissue homogenates and 
gut contents suspensions and blood were placed in 
scintillation vials. To solubilise the samples, 1 ml 
Soluene mix (1:1, Soluene 350 :propan-2-ol) was added to 
each vial. The samples were then incubated at 37°C for 
30-60 min, until solubilisation was completed. Blood
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samples were decolourised with 35% hydrogen peroxide added 
dropwise. Hionic-fluor scintillation fluid (10ml) was 
added to each solubilised sample and radioactivity 
measured using a Packard liquid scintillation counter. 
Dilutions of the [^^C]-IQ and [^^C]-MeIQ solutions were 
assessed for radioactivity, in the same manner as the 
tissue samples.
Radioactivity was calculated as disintegrations per 
minute (d.p.m.) in the whole organs or total gut contents. 
These values were then expressed as a percentage of the 
total dose administered to each mouse. Radioactivity
in the blood was calculated as dpm/g blood. Since mice 
have approximately 80 ml blood/kg body weight (ICN 
Nutritional Biochemicals 1979) and the specific gravity of 
blood is 1.057 (Dittmer 1961), it was possible to 
calculate the activity and percentage of the dose in the 
total blood volume.
The data from [ -MelQ-treated mice on the fibre-free 
and 30% wheat bran diets were subjected to analysis of 
variance (Snedecor and Cochran 1968) using the minitab 
statistical package (Ryan e_t 1976).
6 .2.4.5 Measurement of radioactivity in the gut contents 
following centrifugation.
This experiment was performed to assess the proportion 
of the radioactivity bound to insoluble components of the 
gut contents, particularly bran. suspensions of 
gastrointestinal contents (see 6 .2.4.4) were centrifuged 
at 550g for 10 mins, to. precipitate gross material. 
Samples (0.5 ml) of the supernatant were placed in
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scintillation vials with 1 ml Soluene mix and incubated at 
37°C for 30 min. Hionic-fluor scintillation fluid (10 ml) 
was added and activity assessed using a Packard liquid 
scintillation counter. The counts (d.p.m.) from the 
supernatant were then calculated as a percentage of the 
counts of the original suspensions of gut washings.
6.2.5 Absorption of [^^C]-MeIQ from ligated sections of 
the gastrointestinal tract.
BALB/c mice fed either the fibre-free (mouse body 
weights 15.9 +1.2g; mean + standard deviation) or the 30% 
wheat bran diet (15.2 +1.2g b.w.), were anaesthetised with 
Sagatal (pentobarbitone sodium BP) 60 mg/kg. The stomach 
and intestine of each mouse were exposed by a small 
abdominal incision. The stomachs of four mice on each diet 
were ligated at the pyloric and cardiac regions using fine 
suture thread. A further 15 mice from each diet had their 
small intestines ligated close to the pyloric sphincter 
and at the ileo-caecal junction. A volume (0.2 ml) of 
[^^C]-MeIQ (0.5 mg; 0.13 |iCi ) in phosphate buffer (pH7.3), 
was injected into the ligated stomach or small intestine 
using a fine hÿpodermic. The stomach and intestines were 
returned to the abdomen, the cavity was closed with a 
suture and a pad of saline-soaked tissue was laid over the 
abdomen. Mice with the stomach ligatures were left for one 
hour whereas mice which had received the [^^C]-MeIQ 
injection in the small intestine were left for periods of 
5, 10, 20, 40 or 60 min. During these times all mice were 
kept warm on an electric blanket.
After the appropriate times the anaesthetised mice were
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killed by cardiac puncture. A sample (approximately 0.1 
ml) of blood was collected from the chest cavity in a 
heparinised syringe, placed in a scintillation vial and 
weighed. The ligated stomach or small intestine was 
removed and weighed. Tris/KCl was added to the gut section 
to give a 1 0 % (stomach) or 2 0 % (small intestine) w/v 
suspension after homogenisation using an Ultraturrax 
homogeniser. A sample (0.5 ml) of the homogenate was 
placed in a scintillation vial.
To each vial containing gut homogenate or blood, 1 ml 
of soluene mix (1:1 Soluene 350:propan-2-ol) was added. 
The contents were mixed and the vials incubated at 37°C 
for 45 min, to solubilise the samples. Blood was 
decolourised with 35% hydrogen peroxide. After cooling to 
room temperature, 10 ml Hionic-fluor scintillation fluid 
was added to each vial and radioactivity measured in a 
Packard liquid scintillation counter. Dilutions of the 
original [^^C]-MeIQ solution were also assessed for 
radioactivity in the same manner as the tissue 
homogenates. The amount of radioactivity (d.p.m.) in the 
whole organ or blood volume was calculated, and this was 
expressed as a proportion of the radioactivity which was 
originally injected into the stomach or small intestine.
6.2.6 Measurement of pH in sections of the 
gastrointestinal tract of BALB/c mice.
Mice on both the fibre-free (5 mice) and 30% wheat bran 
(3 mice) diets were killed by cervical dislocation. The
stomachs, small intestines (divided into upper and lower
halves) and large intestine (caecum and colon) were placed
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in separate universal bottles on ice. Deionised water (pH
6.3) was neutralised (pH 7.0) with O.OIM sodium hydroxide, 
and 3 ml added to each gut section. The stomachs and 
intestines were sliced open and the contents suspended in 
the neutralised water. The gut sections were removed and 
the pH of the solutions of the contents measured using a 
Radiometer pH meter.
6.3 Results.
In the distribution studies, the amounts of 
radioactivity in the various organs are expressed as a 
proportion of the administered dose (tables 6.1, 6.2 and
6.3) since mice of different weights received different 
total amounts of radioactivity. This allows comparison 
between animals and also shows clearly what proportion of 
the dose was found in each organ. Examples of d.p.m. 
values measured in a typical experiment (table 6 .3 ) are 
1.3x10^ d.p.m./liver in a mouse fed the fibre-free diet, 1 
hour after dosing with [^^C]-MeIQ and 6.3x10^ d.p.m./liver 
in a bran-fed mouse at the same timepoint. Each mouse 
weighed 18g and received 0.09 Ci (measured as 2.0x10^ 
d.p.m.).
6.3.1 Distribution of [^^C]-IQ and induction of His^
revertants in mice fed a fibre-free diet.
14 4-In a HMA using [ C]-labelled IQ, the number of His
revertants recovered from the livers of BALB/c mice was
highest at 1 hour after oral dosing of the mutagen and was
greatly reduced by 2 hours (Figure 6.1). The number of
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His^ revertants recovered continued to decrease with time 
until at 5 hours after the [^^C]-IQ dose it was similar to 
control values.
The radioactivity in the liver was also greatest 1 hour 
after administration of the mutagen, with over 8 % of the 
dose being present in the liver at this time (Figure 6.1). 
Two hours after the oral dose, 3% of the original dose was 
found in the liver and by 5 hours less than 2 % remained. 
The proportions of the dose present in the kidneys, lungs 
and spleen at 1 hour after mutagen dosing were 8 %, 0.5% 
and 0.4%, respectively (Table 6.1). By 2 hours the amount 
of present in these organs was much reduced.
6.3.2 Distribution of [^^C]-MeIQ and induction of His^ 
revertants in mice fed a fibre-free or 30% wheat bran 
diet.
In a HMA in which mice on a fibre-free or 30% bran diet 
were dosed with [^^C]-MeIQ, the pattern (not shown) of 
His^ revertants induced was similar to that depicted in 
figure 5.3. The radioactivity in the stomach, intestines, 
liver, kidneys and blood of the [ -MelQ-treated mice 
are given in table 6.2. Radioactivity in the 
gastrointestinal tract varied widely between mice within 
groups, probably due to differing amounts of diet present 
in the gut. Thus, in order to discuss the results fully, 
the individual values have been presented. However, the 
means of each group were calculated and are shown in 
figures 6.2 and 6.3.
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Fig. 6.1 Radioactivity (■) and number of His revertants 
(♦) recovered from the livers of BALB/c mice in a HMA 
using [^^C]-IQ. Results show means and standard error 
(bar) of 6 mice. Control animals received acetate buffer 
only and induced 7.7 +0.8 revertants/plate. All mice (6 
weeks old) were fed a fibre-free diet.
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One hour after oral dosing, on average 65% of the dose 
was detected in the stomachs of mice fed the 30% wheat 
bran diet, whereas mice on the fibre-free diet had only 
15% of the dose in their stomachs (Figure 6.2). This 
difference was highly significant (p<0.001). After 2 hours 
an average of 5% or less of the original dose remained in 
the stomachs of mice on either diet.
Over 30% of the administered radioactivity was detected 
in the small intestines of mice fed the fibre-free diet, 1
hour after dosing (Figure 6.2). This differed
significantly (p<0.05) from the amount detected in mice on 
the 30% wheat bran diet, which had an average of 15% of
the dose in their small intestines at that time. The
average radioactivity in the small intestines of mice on 
the fibre-free diet, steadily decreased over the three 
timepoints measured, whereas the bran-fed mice had similar 
average amounts of activity in the small intestine at each 
time point.
Very little radioactivity was detectable in the large 
intestines of mice on either diet 1 hour after dosing with 
the mutagen; however, after 2 hours, 13% of the dose was 
found in the large intestine of bran fed mice and 17% in 
the large intestine of mice on the fibre-free diet. By 3 
hours this had increased to an average of 22% and 15% in 
mice on the fibre-free and 30% wheat bran diets, 
respectively.
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One hour after dosing, mice on the fibre-free diet had 
significantly (p<0.001) greater levels of radioactivity in 
their livers and blood than mice fed the 30% wheat bran 
diet (Figure 6.3). The average percentages of the dose 
found in the kidneys were similar in mice on both diets 
(Figure 6.3). Two hours after oral dosing, the 
radioactivity in the livers, kidneys and blood of mice on 
the fibre-free diet was greatly reduced giving similar 
values to the corresponding organs of mice on the 30% 
wheat bran diet.
In a separate HMA using [^^C]-MeIQ the radioactivities 
in the liver, blood, lungs, kidneys and spleen were 
measured in mice fed the fibre-free or 30% wheat bran 
diets (Table 6.3). The levels of radioactivity in the 
liver and blood (Table 6.3) were similar to those in the 
first experiment (Figure 6.3), although the differences 
between the mice fed the two diets were less pronounced. 
The change in level of radioactivity with time in the 
kidneys, lungs and spleen (Table 6.3) showed a similar 
pattern to that in the liver and blood (Table 6.3) i.e. 
mice on the fibre-free diet showed activity corresponding 
to a greater proportion of the dose of mutagen then mice 
fed 30% wheat bran at 1 hour after oral dosing, but by 2 
hours the activities in mice on both diets was much 
reduced.
The proportions of the dose detected in the lungs
and spleen were very small (less than 0.45% and 0.26%, 
respectively) (Table 6.3). It was suspected that this
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activity might be due largely to the activity of the blood 
in these organs. Using values for blood volumes in the 
lungs (400 jil/g) and spleen (190 jjl/g) of mice, quoted by 
Dittmer (1961), the proportion of the activity due to 
blood was calculated (not shown). In general, it was found 
that a quarter or less of the activity in the spleen was 
due to blood but in the lungs a higher proportion (44% or 
less) was due to the blood present.
6.3.3 Proportion of [^^C]-MeIQ in the supernatant 
following centrifugation of the gut contents.
In order to explore further the theory that fibre may
reduce the iji vivo activity of a mutagen/carcinogen by
sequestering it in the gut, an attempt was made to assess
14what proportions of the C activity in the samples of gut
contents, from the above experiment (Table 6.2 and Figure
6.2), were associated with the insoluble fraction. The
amount of activity remaining in the supernatant of
centrifuged samples was calculated as a proportion of the
original activity in the gut section (Table 6.4). In
general, the proportion of the original activity which
remained in the gut contents supernatants from the
bran-fed mice was less than in mice fed the fibre-free
diet. In bran-fed mice only 53% or less of the original
activity was detected in the supernatant of stomach
samples, compared with up to 81% in the supernatants from
the mice fed the fibre-free diet. However, the activities
in the supernatants of samples from the small intestines
were much higher, up to 86% in bran-fed mice and up to 93% 
in mice fed the fibre-free diet.
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6.3.4 Absorption of [^^C]-MelQ from the gastrointestinal 
tract.
14Measurements of the absorption of [ C]-MeIQ from 
ligated stomachs showed that little, if any, mutagen was 
absorbed in approximately one hour, and thus, only minor 
amounts of were detected in the blood (Table 6.5).
However, slightly more [^^C]-MelQ was absorbed from the 
stomachs of mice fed the fibre-free diet than mice fed 30% 
wheat bran.
Absorption of [^^C]-MeIQ from the small intestine was 
very rapid (Table 6.6). After 5 min, a little over 50% of 
the injected dose remained in the small intestine of mice 
fed the fibre-free diet and by 20 min only 15% remained. 
The absorption of [^^C]-MeIQ from the small intestines of 
mice on the 30% wheat bran diet was a litle slower; after 
5 min over 80% remained in the small intestine and after 
20 min 22% was still detectable.
Despite the observed differences in rates of absorption 
between animals receiving the fibre-free or 30% bran 
diets, there were little differences in the amount of 
radioactivity detected in the blood (Table 6.6).
6.3.5 pH of sections of the gastrointestinal tract.
Measurements of the pH in various sections of the 
gastrointestinal tract gave a range of values from 4-5 in 
the stomach to around 7.5 in the large intestine (Table 
6.7). There were little, or no, differences in the pH 
values of corresponding gut sections from mice on the 
fibre-free or 30% wheat bran diets.
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6.4 Discussion.
The time course of induction of His^ revertants in mice 
treated with [^^C]-IQ (Figure 6.1) was similar to that in 
mice treated with MelQ (Figure 4.2), indicating that the 
two structurally-related mutagens have similar 
pharmacokinetics in the HMA. The number of revertants 
recovered from the livers of [ -IQ-treated mice was 
greatest during the first hour of mutagen exposure and 
much decreased during the second hour (Figure 6.1). The 
radioactivity detected in the same livers showed a similar 
decline from 1 to 2 hours (Figure 6.1). Thus, it is 
possible that rapid excretion of the mutagen from the 
liver, rather than detoxification, is responsible for the 
lower number of His^ revertants induced during the second 
hour of mutagen exposure.
However, after 5 hours of mutagen exposure 
radioactivity (1.5% of the dose) was still detectable in 
the liver (Figure 6.1). Since, in the presence of 8.5% of 
the dose, at 1 hour of mutagen exposure, 1150
revertants per plate were induced, we might expect around 
200 revertants to be induced in the presence of 1.5% of 
the dose, but only 15 revertants per plate were
recovered from the livers at the 5 hour timepoint. Thus,
the present in the liver at 5 hours was probably in
the form of non-mutagenic metabolites of IQ, indicating 
that detoxification of IQ does occur in the liver.
14In addition to the liver, C was detected in the 
kidneys, lungs and spleen of [ -IQ-treated mice (Table
6.1). Radioactivity in these organs was also noted by
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Bergman (1985) in an autoradiographic distribution study
of i.v.-injected (^^C]-IQ. The pattern of radioactivity in
the kidneys, lungs and spleen (Table 6.1) was similar to
that in liver (Figure 6.1), indicating that the [^^C]-IQ
14is rapidly excreted from all the organs. Levels of C
were identical (8.5%) in the liver and kidneys at the 1
hour timepoint, but very much lower in the lungs and
14spleen (0.51 and 0.43, respectively). Most of the C dose 
(over 80%) was not detected in the distribution study. 
Much of the dose might have been located in the 
gastrointestinal tract since Bergman (1985) noted high 
[^^C]-IQ activity in this region.
The distribution studies of [^^C]-MeIQ in mice fed the 
fibre-free or 30% wheat bran diet, were carried out in an 
attempt to explain the effect of fibre in the HMAs. In 
figure 6.3, radioactivity in the livers of bran-fed mice 
was significantly less than in livers from mice on the 
fibre-free diet. Thus, it appears that fibre exerts its 
effect by reducing the amount of mutagen entering the 
liver. If this was achieved by binding of the MelQ, a 
large proportion of the radioactivity would be expected in 
the gastrointestinal tract.
Indeed, in the stomach, a substantial proportion 
(average 65%) of the dose was found in mice fed 30%
wheat bran, whereas mice on the fibre-free diet had an 
average of 15% of the dose remaining in their stomachs 
(Figure 6.2). The absorption studies (Table 6.5) showed 
that little absorption occurred from the stomachs of mice
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over a period of one hour, so the low level of 
activity in the stomachs of mice on the fibre-free diet is 
probably due to the mutagen passing down the 
gastrointestinal tract. In mice on the 30% bran diet, 
however, this passage appears to be delayed. It may be 
that the bran-supplemented diet delays gastric emptying. 
Several groups have shown that gastric emptying in humans 
may be slowed by the addition of wholemeal bread, pectin 
or guar gum to a meal (Grimes and Goddard 1977, Holt et 
al. 1979, Wilmshurst and Crawley 1980).
It is possible that MelQ is bound to the fibre in the 
stomachs of mice on the 30% wheat bran diet, since the pH 
measurements in the stomach were 4.3 to 5.8 (Table 6.7) 
which falls within the range (pH 4 to 6) of optimum 
binding of IQ with wheat bran (Barnes ^  1983b). Also,
in an experiment in which the stomach contents were 
centrifuged, only 37% of the original activity
remained in the supernatant of bran-fed mice at the 1 hour 
timepoint (Table 6.4) indicating that 63% was associated 
with the insoluble material (presumably mainly bran) in 
the pellet. In the stomachs of mice fed the fibre-free 
diet, at the 1 hour timepoint, only 25% of the activity 
was associated with the pellet. Similar values were also 
found at the other timepoints (Table 6.4), thus the bran
-  1 A
appears to "trap" some of the [ c]-MelQ.
One hour after oral dosing, most of the radioactivity 
in mice on the fibre-free diet, was found in the small 
intestine (18-39% of the dose. Table 6.2), indicating a
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fairly rapid passage of MelQ down the gut. The absorption 
studies (Table 6.6) showed that [^^C]-MeIQ rapidly passes 
out of the small intestine (50% absorbed in 5-10 min) and 
so, at 2 and 3 hours after administration of the mutagen, 
little activity would be expected to remain in the
small intestine. However, although less than 2% of the 
dose of [^^C]-MeIQ was left in the stomachs at these 
times, large amounts (over 40% in mice numbers 3, 13 and 
15) were still detectable in the small intestines (Table
6.2). This suggesets that enterohepatic circulation may 
have occurred i.e. [^^C]-MeIQ (or metabolites) which 
passed to the liver was returned to the gut via the bile. 
Other groups have noted the presence of radioactivity in 
the bile after an i.v. injection or an oral dose of 
[^^C]-MeIQ, also indicating enterohepatic circulation 
(Sjodin and Jagerstad 1984, Bergman 1985).
In mice on the 30% wheat bran diet, there was some
passage of [^^C]-MeIQ to the small intestine one hour
after dosing with mutagen (e.g. mice 31 and 32) and by 2
hours the majority of had left the stomach and passed
to the small intestine (Table 6.2). However, the average
level of activity in small intestine of bran-fed mice
remained fairly constant at each timepoint (Figure 6.2).
This was possibly due to varying amounts of fibre in the
gut. In mice with little fibre in their stomachs the
passage of MelQ to the small intestine may be relatively
14rapid giving large C activities in the small intestine 
at one hour (e.g. mice 31 and 32). Rapid absorption of 
MelQ in the small intestine would then result in a low
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level of radioactivity at 2 hours (e.g. mice 21 and 22)
with an increase in radioactivity later, following
enterohepatic circulation. Alternatively, those mice with
a large amount of bran in their stomachs would have
delayed gastric emptying, and subsequently, delayed
absorption and enterohepatic circulation in the small
14intestine. Thus, at each timepoint, a wide range of C 
activities were present in the small intestine giving a 
"constant average".
The average amount of activity in the small
intestine of bran-fed mice (less than 20% of the dose at
each timepoint) was low compared with the average amount
in the stomach at 1 hour (65% of the dose. Figure 6.2). If 
[^^C]-MeIQ remained "bound" to the bran we would expect 
higher levels of radioactivity in the small intestine. The 
pH of the small intestine (6.4-7.2, Table 6.7) would not 
favour the binding of IQ, and possibly MelQ, to wheat bran 
(Barnes et a^. 1983b). The latter authors also indicated 
that only 23% or less of the IQ was irreversibly bound in 
their experiments with wheat bran, thus, it is possible 
that much of the MelQ which might have been bound in the 
stomach may become "unbound" at the unfavourable pH in the 
small intestine.
When the contents of the small intestines, of mice on 
the bran diet, were centrifuged, the remaining in the
supernatant was over 75% of the total radioactivity in the 
contents (Table 6.4) i.e. twice as much as was found in 
the supernatant of centrifuged stomach contents (Table
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6.4). This would suggest that less of the [^^C]-MeIQ is 
associated with the diet particles in the small intestine. 
In addition, the absorption of [^^C]-MelQ from the small 
intestine of mice on the bran diet was initially slower 
than in mice on the fibre-free diet, but after 10-20 min 
similar amounts were absorbed in mice on the two diets. 
This may indicate that dissociation was occurring or 
merely that the bulk of the fibre diet initially delayed 
absorption.
When the average amounts of radioactivity in the gut
contents were studied (Figure 6.2) it appeared that a
similar proportion of the administered [^^C]-MeIQ was
absorbed from the small intestine of mice on the two
diets, but that in mice on the bran diet this absorption
was delayed due to slower gastric emptying. If this were
the case, it would be expected that the transfer of
[^^C]-MeIQ to organs such as the liver, kidney, spleen and
lungs, would be similarly delayed in mice on the
bran-supplemented diet. However, this was not seen (Figure
6.3, Table 6.3). It may be that the "peak" radioactivity
in organs of bran fed mice occurred at 1.5 hours and was
missed in the experiments reported here. This is possible
since, at each timepoint, the activity in different groups
of mice is being measured, thus it is inaccurate to
14compare exact C values between two timepoints. An
indication that a "delayed peak" might occur is seen with
mouse number 31 (Table 6.2) which showed a
14faster-than-average passage of [ C]-MeIQ to the small 
intestine and high activity in the liver, kidney and
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blood.
On the other hand, this response was only seen in one 
mouse on the 30% wheat bran diet (mouse number 30 had high 
values in the stomach (120% of dose), kidney, blood 
and liver but this was probably due to an overdose of 
[^^C]-MeIQ). Also, if a delayed peak of MelQ does occur in 
the liver of bran-fed mice, it seems strange that all the 
distribution studies (Figure 6.3, Table 6.3) and the HMAs 
(chapter 5) missed this peak. One source of error in the 
distribution studies, may occur in the measurement of 
activity in the guts of bran-fed mice. The gut contents of 
mice fed the fibre-free diet easily formed an even 
suspension whereas, in bran-fed mice large particles of 
bran in the gut prevented an even distribution in 
suspension. Although pipettes with large openings were 
used to sample the gut contents for radioactivity
measurements, it is possible that the sample was not 
homogeneous and that some particles of bran were excluded. 
If radioactivity was associated with the bran particles, 
as suspected (Table 6.4), then underestimates of 
activity in the gut of the bran-fed mice may have been 
made.
One hour after oral dosing of the [^^C]-MeIQ, very 
little radioactivity had reached the large intestine, but 
by 2 and 3 hours substantial amounts were found in the
lower gut of some mice (e.g. mice numbers 1, 2, 4,.9, 14,
16 and 19; Table 6.2). The fact that quantities as large 
as 55% (mouse 2) were found in the large intestine is
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another indication that much of the absorbed may be
returned to the gut via the enterohepatic circulation. 
Sjodin and Jagerstad (1984) found that as much as 67% of 
an oral dose of [ ^ ^C]*-MelQ was excreted in the faeces of 
rats.
In the absorption (Tables 6.5 and 6.6) and distribution
14studies (Tables 6.2 and 6.3) the amounts of C in the 
blood were always fairly low. Even when nearly 50% of the 
had been absorbed from the small intestine in just 5 
min, the corresponding level in the blood was only
12%. This indicates that the [^^C]-MeIQ is rapidly 
transferred from the blood to other organs in the body, 
such as the liver. Bergman (1985) also found that just 5 
min after an injection of [^^C]-MeIQ, the radioactivity 
remaining in the blood was very low.
In the liver, kidney, lungs and spleen the peak 
radioactivity was seen at one hour of mutagen exposure in 
mice on both diets, however by two hours, this activity 
was much reduced. This would indicate rapid excretion of 
[^^C]-MelQ from the tissues, possibly via the urine or 
bile. Indeed, Bergman (1985) noted that [^^C]-MelQ 
appeared in the urinary tract and bile duct very shortly 
(5 and 20 min) after injection.
To conclude, the studies reported here have shown that 
[^^C]-IQ and [^^c]-MelQ are widely distributed throughout 
the body of mice when given orally. Absorption of MelQ 
occurs very rapidly from the small intestine but hardly at
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all from the stomach. The mice fed a 30% wheat bran diet 
showed delayed gastric emptying and slightly delayed 
absorption from the small intestine. MelQ may bind to 
wheat bran in the stomach, but in the small intestine the 
pH was less favourable for binding and less MelQ appeared 
to be associated with the fibre particles.
The distribution studies were designed to help the 
interpretation of the results of the HMAs. In general, it 
seems that where recoveries of His^ revertants were 
reduced e.g. in mice on the 30% wheat bran diet, the 
amount of mutagen present in the livers was also reduced. 
However, a disadvantage of these distribution studies is 
that, as in the HMAs, the samples were only taken hourly. 
More information could be obtained on the distribution of 
MelQ and the action of dietary fibre on the mutagen, if 
the studies were repeated and activities measured more 
frequently e.g. every 20 min, and in a wider range of 
organs. Also, it would be interesting to measure the 
mutagenic activity of the compound in the various
organs at several timepoints, since previous work (see 
introduction 6.1) has suggested that only minor amounts of 
ingested MelQ or IQ are excreted unmetabolised.
140
Chapter 7. Conclusions
The fact that heterocyclic aromatic amines (HAAs), 
formed during the cooking of meat and other proteinaceous 
foods, are extremely potent mutagens in the Ames 
Salmonella/mammalian microsome assay (sugimura and Sato 
1983), caused concern over their potential hazard to man. 
In addition, epidemiological studies indicate that there 
may be a link between meat consumption and a high 
incidence of certain cancers, especially colon cancer (see 
chapter 1). The HAAS were subsequently shown to be 
mutagenic iji vitro in a variety of mammalian cells (see
chapter 1). In the work described in chapter 2, the HAAs
were shown to induce dose-related unscheduled DNA 
synthesis (UDS) iji vitro in rat and hamster hepatocytes.
As in the Ames assay, it was found that MelQ was the most
potent genotoxin, inducing more UDS than the carcinogen 
2-acetylaminofluorene (AAF).
There are marked species differences in the 
susceptibilities of mammalian cells to the HAAs (Loury and 
Byard 1985, chapter 2) which are probably related to the 
differing species capabilities to metabolise the HAAs to 
their active mutagenic forms (chapter 2). Thus, the hazard 
the HAAs present to human cells can only be fully assessed 
after detailed studies have been made of the metabolism of 
HAAS in man. %n vitro studies have shown that the HAAs 
induce chromosomal aberrations and/or sister chromatid 
exchanges in human lymphocytes and embryonic fibroblasts 
without exogenous metabolic activation (Sasaki et al.
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1980), which suggests that human cells are capable of 
activating the HAAs to their mutagenic forms. In addition, 
Felton and Healy (1984) showed that human liver microsomal 
preparations were capable of activating to mutagens 
extracts from fried beef.
In vivo assays provide useful information on the 
distribution and activity of HAAs in the whole animal. The 
assays in chapters 3 and 4 are the first to measure 
dose-related activity of the HAAs iji vivo after 
administration per os i.e. the normal route of exposure to 
man. The IQ-type mutagens exhibited low iji vivo UDS 
activities, with rats showing a greater response than 
hamsters (chapter 3). This was the reverse of the relative 
in vitro UDS activities in the two species (chapter 2) and 
suggests that the activity of the mutagens is modified in 
vivo in the hamster, perhaps due to detoxification or
reduced absorption in the gut. Absorption studies on the 
gastrointestinal tract of hamsters and rats, similar to 
those performed on mice in chapter 7, would indicate 
whether poor absorption was a factor in the lower iji vivo 
UDS activity of HAAs in hamsters.
The tryptophan pyrolysates showed little or no UDS 
response jji vivo at the timepoints tested. However, in the 
host-mediated assays (HMAs; chapter 4), it was seen that 
Trp-P-2 and MelQ exhibited different pharmacokinetics, 
with Trp-P-2 showing its maximum mutagenic activity 2
hours later than MelQ. Thus, a greater activity might have 
been observed with the tryptophan pyrolysates if UDS had
been measured at later timepoints. AAF also induced low
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amounts of UDS which suggests that this is not a 
particularly sensitive vivo assay for carcinogenic
aromatic amines. However, since the assay measures 
(indirectly) damage to the mammalian DNA, it is perhaps 
representative of the genotoxic activity of the HAAs in 
mammalian cells.
Differing gut absorption rates may also play a part in 
the different pharmokinetic properties of Trp-P-2 and MelQ 
in the HMA. The absorption of MelQ from the small 
intestine was found to be very rapid (chapter 6). It would 
be useful to carry out similar in situ absorption studies 
in mice using ^^C-labelled Trp-P-2, to see if the mutagen 
was absorbed at a slower rate.
In the distribution studies, using C^^C]-IQ and
[^^C]-MelQ, radioactivity was found in all the organs
studied, namely kidney, lung, spleen, liver, blood,
stomach, small and large intestines (chapter 6). In
studies of the carcinogenicity of IQ and MelQ, tumours
were located in many of these sites (liver, lung, stomach,
small and large intestine) as well as the Zymbal gland,
clitoral gland, skin and oral cavity (see chapter 1).
Since, IQ and MelQ produce tumours in the above organs, it
suggests that active mutagenic metabolites may be formed
at or travel to these sites. It would be interesting to
14study the distribution and mutagenic activity of [ C]-IQ 
14and [ C]-MeIQ in these organs. Also, it would be of 
interest to study the distribution and mutagenic activity 
of labelled tryptophan pyrolysates at various sites since
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autoradiogaphic studies have suggested that their 
distribution is similar to that of IQ and MelQ (Brant ^  
al. 1983) yet, in carcinogenicity studies, tumours have
only been found in the liver (see chapter 1).
The fact that all five of the HAAs used in the work 
presented in this thesis have now been shown to be
carcinogens in mice and/or rats (see chapter 1) suggests 
further cause for concern. The main drawback of the 
carcinogenocity tests employed so far, is that only
single, large doses of HAA were given and until
dose-response studies are carried out, the carcinogenic 
potency of the HAAs will not be known. However, it should 
be noted that the five mutagens studied are just a few of
the HAAS formed in foods (see chapter 1) and that the
combined effect of all the mutagens may be more potent. 
Indeed, it has been shown that when five of the HAAs (IQ, 
Trp-P-1, Trp-P-2, Glu-p-2 and AaC) are administered 
together the combined carcinogenic effect is more than
additive (Takayama unpublished observations quoted in 
Sugimura 1986) .
Since several different HAAs are frequently to be found 
in the same foods (see table 1.1), this synergistic effect 
may be important in consideration of the risk to man, but 
the effect has not previously been investigated in 
genotoxicity assays. Future work, using the five HAAs
used in the studies presented here, might investigate the
combined effect of the mutagens in a HMA. Each mutagen 
might be added in equal proportions to a solution so that 
a final 5 or lOmg/kg concentration (i.e. the
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concentrations used for each individual mutagen in the 
HMAs; chapter 4) was given to the mice and the His^ 
revertants recovered at 1, 2 and 3 hours to cover the peak 
activities of the IQ- and Trp-type mutagens. 
Alternatively, useful information might be gained if the 
mutagens were given in the proportions in which they are 
found in foods, such as beef, although the lack of 
adequate data on the levels of mutagens in foods may make 
this more difficult.
In vitro studies using fats (Alldrick ^  1987a,b) or
vegetable fibre (Kada et £l. 1984) have suggested that
these foodstuffs may increase or decrease, respectively, 
the genotoxic activities of the HAAs. However, no studies 
have previously been reported on the alteration of the in 
vivo activities of the HAAs by foodstuffs. Chapter 5 
describes evidence of reduced ijn vivo activities of the 
cooked-food mutagens in HMAs in which animals were fed 
diets high in fibre, such as wheat bran, corn bran, 
cabbage and lignin. In future studies it would be 
interesting to study the effects of the fibre of 
vegetables such as potato, carrot, lettuce or tomato, 
which often accompany HAA-containing foods, such as beef, 
in the Western diet.
The reduced activity of MelQ in HMAs using mice fed a 
30% wheat bran diet may be due to the mutagen binding to 
the fibre in the gastrointestinal tract (chapter 6). 
Barnes e^ ( 1983b) illustrated' that IQ binds to wheat
bran at pH 4 to 6. Measurements of the pH of the stomach 
(4.3-5.8) and small intestine (6.4-7.2) of bran-fed mice.
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indicate that binding might be more efficient in the 
stomach than the small intestine (chapter 6). This may not 
be the case in man, however, since the pH of the human 
stomach is 1-3 whereas the small intestine is pH 5-7 
(Aungst and Shen 1986), i.e. the optimum pH for binding of 
IQ with wheat bran and also with corn bran (Barnes ^  al. 
1983b). When fried meat meals were fed to human subjects 
(Sousa et al^  1985), mutagenic activity appeared in the 
urine very shortly after ingestion (2 hours) which 
suggests that, as in mice (chapter 6), the mutagens are 
absorbed in the upper gastrointestinal tract. Since this 
is also the region of the human gut in which the pH might 
favour optimum binding of HAAs to fibre, the consumption 
of a high fibre diet might reduce the absorption of HAAs 
from the human gastrointestinal tract (thus reducing the 
exposure of other organs, such as the liver, to these 
mutagens) and also minimise the amount of mutagen free to 
damage the gut mucosa.
To conclude, the cooked-food mutagens may present a 
hazard to man since they have been shown to be mutagenic 
to bacterial and mammalian cells, vitro and vivp, 
and also, carcinogenic in rodents. However, this risk may 
be reduced by sensible dietary practices, such as, 
avoiding charred food, reducing intake of dietary fat and, 
from the data presented in this thesis, including plenty 
of fibre in the diet.
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Abstract—The genotoxicity of the cooked-food mutagens 2-amino-3-methylimidazo[4,5-/]quinoline (IQ), 
2-amino-3,4-dimethylimidazo[4,5-/]quinoline (MelQ), 2-amino-3,8-dimethylimidazo[4,5-/jquinoxaline 
(MelQx), 3-amino-l,4-dimethyl-5/f-pyrido[4,3-Z»]indole (Trp-P-1) and 3-amino-l-methyl-5^f-pyrido[4,3- 
À]indole (Trp-P-2) was studied by monitoring the induction of DNA repair (unscheduled DNA synthesis; 
UDS) in primary cultures of rodent hepatocytes. The hepatocytes were derived from male 
Sprague-Dawley rats or Syrian hamsters by collagenase perfusion and the cells were cultured for 4 hr 
before being exposed to various concentrations of the mutagens. DNA repair was determined by 
measuring incorporation of pH]thymidine into extracted DNA over 17 hr using ^-scintillation counting. 
Dose-related increases in UDS were clearly seen in hamster hepatocytes treated with MelQ, IQ and the 
positive control 2-acetylaminofluorene (AAF), and a weak response was induced by MelQx and Trp-P-1. 
In the rat hepatocytes only MelQ and AAF gave clear positive responses. Furthermore it was noted that 
all the mutagens displayed a more pronounced UDS response in hamster hepatocytes than in rat cells. 
Studies of the activation of MelQ by hepatocytes to a bacterial mutagen suggest that this difference is 
probably a consequence of the greater capacity of hamster cells to activate the mutagens to genotoxic 
metabolites.
INTRODUCTION
uring the cooking of proteinaceous foods, such as 
eat and fish, a number o f mutagenic agents are 
rmed (Sugimura, 1982). Those that have been 
entified (Felton, Knize, Wood et a l  1984; Sugimura 
Sato, 1983) include pyrolysates o f amino 
;ids, 3-amino-1,4-dimethyl-5/f-pyrido[4,3-6]indole 
'rp-P-1 ), 3-amino-1 -methyl-5/f-pyrido[4,3-èjindole 
,'^-P-2), 2-amino-6-methyldipyrido[l ,2-a : 3',2'-c?] 
lidazole (Glu-P-1) and 2-aminodipyrido[l ,2- 
; 3',2'-f/]imidazole (Glu-P-2) and the heterocyclic 
nines 2 - amino - 3 - methylimidazo[4,5 -/jquinoline 
Q), 2-amino-3,4-dimethylimidazo[4,5-/]quinoline 
id 2-amino-3,8-dimethylimidazo[4,5-/]quinoxaline 
/lelQx). These compounds, although produced 
I small quantities during cooking (Felton et al. 
)84) are highly potent mutagens in Salmonella 
>phimurium after metabolic activation by hepatic 
omogenates (Sugimura & Nagao, 1982). The geno- 
ixicity of these compounds, particularly of MelQ  
id of MelQx, which has been identified as a major
bbreviations: DMSO = dimethylsulphoxide; Glu-P-1 = 
2 - amino - 6 - methyldipyrido [l,2-a:3 ',2 '-< /] imidazole; 
Glu - P - 2 = 2 - aminodipyrido [ 1,2 - a : 3', 2'-d ] imidazole; 
IQ = 2-amino-3-methylimidazo[4,5-/]quinoline; MelQ = 
2-amino-3,4-dimethylimidazo-[4,5-/]quinolme; MelQx = 
2 - amino - 3,8 - dimethylimidazo [4,5 - / ]  quinoxaline; 
PBSA = phosphate-buffered saline; TCA = trichloro­
acetic acid; Trp-P-1 = 3-amino-l,4-dimethyl-5^f- 
pyrido[4,3-6]indole; Trp-P-2 = 3-amino-l-methyl-5/7- 
pyrido[4,3-b]indole; UDS = unscheduled DNA syn­
thesis, or DNA repair.
mutagen in cooked beef (Felton et al. 1984) is less 
well established in eukaryotic systems, and it is 
important to determine whether their extraordinary 
mutagenic activity in bacteria is reflected in geno­
toxicity to a variety of mammalian cells.
IQ has been shown to induce neoplastic trans­
formation of mouse embryo fibroblasts (Cortesi & 
Dolara, 1983) and DNA strand breaks in primary 
cultures of hepatocytes (Cademi, Kreamer & Dolara, 
1983). In repair-deficient Chinese hamster ovary cells, 
IQ induced sister-chromatid exchanges, although in 
wild-type cells the induction o f exchanges was very 
weak and no increases in chromosomal aberrations 
were seen in either type o f cell (Thompson, Carrano, 
Salazar et al. 1983). In mouse bone-marrow cells in 
vivo, IQ marginally enhanced sister-chromatid ex­
changes and caused no increase in chromosome 
aberrations (Minkler & Carrano, 1984). IQ and 
MelQ have also been shown to induce mutations in 
cultured Chinese hamster lung cells (Nakayasu, 
Nakasato, Sakamoto et al. 1983).
In contrast to IQ, Trp-P-2 behaves as a strong 
mutagen in both repair-deficient and wild-type CHO 
cells (Thompson et al. 1983) and also in mouse bone 
marrow (Minkler & Carrano, 1984), producing sister- 
chromatid exchanges and chromosomal aberrations 
in a dose-related manner.
The amino acid pyrolysates Trp-P-1, Trp-P-2, Glu- 
P-1 and Glu-P-2 induced liver tumours when fed to 
mice (Matsukura, Kawachi, Morino et al. 1981; 
Ohgaki, Kusama, Matsukura et al. 1984; Sugimura,
1982). Tumours were induced at various sites in mice 
(forestomach, liver and lung) and in rats (colon, sniall 
intestine, liver and Zymbal gland) by K) (Ohgaki et
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al. 1984; Takayama, Nakatsuru, Masuda et al. 1984). 
Recently, MelQ has been shown to induce tumours 
of the liver and forestomach in mice (Ohgaki, Hase- 
gawa, Kato et al. 1985). A  carcinogenicity study of 
MelQx has not yet been reported.
In the work reported in this paper, we studied the 
genotoxic activity of two amino acid pyrolysate mu­
tagens, Trp-P-1 and Trp-P-2, and of three hetero­
cyclic amines, IQ, MelQ and MelQx, by measuring 
the induction of unscheduled DNA synthesis (DNA  
repair; UDS) in primary cultures of rodent hepa­
tocytes. This short-term bioassay system responds to 
a wide variety of classes of chemical carcinogens 
and mutagens (Probst, McMahon, Hill et al. 1981; 
Williams, Laspia & Dunkel, 1982). Trp-P-1, Trp-P-2, 
IQ and MelQ have been shown to induce DNA  
repair in rat hepatocytes, although they appeared to 
be less potent in this system than in bacteria (Loury 
& Byard, 1983 & 1985). However, hamster hepa­
tocytes were found by Loury & Byard (1985) to be 
less sensitive than rat hepatocytes to the DNA- 
damaging effects o f IQ and MelC .^ Since liver homo- 
genates from hamsters appear to activate heterocyclic 
amines more efficiently than those derived from rats 
(Alldrick & Rowland, 1985) we have compared the 
DNA repair inducing activity of the five cooked-food 
mutagens in rat and hamster hepatocytes.
EXPERIMENTAL
Materials. Culture medium (RPMI 1640) was pur­
chased from Gibco (Europe), Paisley, Scotland, foe­
tal bovine serum from Sera Labs, Crawley, Sussex, 
and gentamicin from Flow Laboratories, Irvine, 
Scotland. Collagenase was obtained from Boehringer 
Corp., Lewes, Sussex, and thymidine from Aldrich 
Chemical Co., Gillingham, Dorset. [6-^H]Thymidine 
(specific activity 28.9 Ci/mmol) was purchased from 
Amersham International pic, Amersham, Bucks. 
MelQ, MelQx and IQ were kindly donated by Prof. 
K. Olsson and Dr S. Grivas, Swedish University of 
Agricultural Science, Uppsala, Sweden. Details o f the 
synthesis and characterization of the quinoline and 
quinoxaline compounds are described by Adolfsson 
& Olsson (1983) and Grivas & Olsson (1985). The 
compounds migrated as single spots when subjected 
to thin-layer chromatography on silica gel G25 (sol­
vent system: chloroform-methanol, 90:10, v/v). Trp- 
P-1 and Tp-P-2 were obtained from Wako Chemicals 
GmbH, Neuss, FRG. The compounds migrated as 
single spots on silica gel G25 (solvent system: 
isobutanol-acetic acid-water, 80:10:10, by vol.). All 
other chemicals were purchased from Sigma Chem­
ical Co., Poole, Dorset.
Animals. Male Syrian DSN hamsters (6-8 wk old 
and weighing 80-95 g) were purchased from Bantin 
and Kingman, Hull, Yorkshire, and male 
Ola: Sprague-Dawley rats of a similar age 
(190-220 g) were purchased from Olac (1976) Ltd, 
Bicester, Oxon. All animals were fed on Rat and 
Mouse No. 2 Diet (Special Diet Services, Witham).
Hepatocyte isolation. Hepatocytes were isolated by 
a two-step collagenase perfusion technique (Gray, 
Lake, Beamand et al. 1983), the flow rates for the 
perfusions being 50 ml/min for the rats and 25 ml/min 
for the hamsters. The viability of the isolated hepa­
tocytes, determined by trypan blue exclusion, w£ 
79.5 ±  0.3% (mean ±  SEM) for the hamster an 
81 ±  0.5% for the rat.
Treatment o f  hepatocytes. Hepatocytes were seede 
at 6.7x10® viable cells/9 ml of culture mediui 
(RPMI 1640 containing 5% foetal bovine serun 
50 pg  gentamycin/ml, 10“®M-insulin an 
10“‘*M-hydrocortisone-21-sodium succinate) i 
90-mm tissue culture dishes and were incubated £ 
37°C. After 4 hr the medium was replaced with 10 n 
of fresh medium containing 10 mM-hydroxyurea. Al 
ter incubation for a further 1 hr, 10 pC 
pHJthymidine and 40 p\ of the test compound i 
dimethylsulphoxide (DMSO) were added to eac 
plate. For each treatment, two culture dishes wei 
used. Controls were given pHjthymidine and DMS( 
only. After incubation for 17 hr, the medium wa 
removed from the dishes and the remaining cells wer 
washed twice with ice-cold phosphate-buffered salin 
(PBSA) containing 2 mM-thymidine. The cells wer 
scraped off the plates using a rubber policeman an 
cells from the duplicate plates were pooled. Th 
hepatocytes, pelleted by centrifugation at 15 g wer 
kept on ice prior to isolation of the nuclei.
Measurement o f  unscheduled DNA synthesis. Th 
nuclei were isolated and the pHjthymidine activit 
was measured according to the procedure of Althaus 
Lawrence, Sattler et al. (1982) with a few mino 
modifications. Briefly, the cells were resuspended ii 
hypotonic buffer (10 mM-Tris HCl, 5 mM-MgClj, pi 
8.0), sonicated for 2 sec, incubated in 1% Tritoi 
X-100 and sonicated again. The cells were centrifuge 
at 550 g for 10 min and then resuspended in 1 ir 
0.25 M-buffered sucrose (50 mM-Tris/ml, 25 mM-KCl 
15mM-MgCl2, pH 8.0). This suspension was layerei 
over 1 ml 0.88 M-buffered sucrose and spun at 1500 
for 15 min to pellet the nuclei. The RNA was hydro 
lysed by resuspending the nuclei in 1.0 ml 10 mM-Tri 
HCl (pH 8.0), adding 1.5 ml 0.55 M-KOH and incu 
bating at 37°C for 1 hr. The solution was neutralize! 
with 0.4 ml 1 m-HCI. DNA and protein were precip 
itated by addition of 10% trichloroacetic acid (TCA 
and 5% bovine serum albumin and the suspensioi 
was centrifuged at 1500 g for 5 min. The pellet wa 
resuspended in 5% TCA and incubated at 90°C fo 
20 min to hydrolyse the DNA. The remaining proteii 
was pelleted by centrifugation at 1500 g for 10 min 
Samples (2 x 0.5 ml) o f the supernatant containin; 
the DNA were added to 10 ml of scintillation flui( 
and counted for radioactivity using a Packard liqui< 
scintillation spectrometer. The remaining super 
natant was stored at — 20°C for the DNA assay.
DNA assay. The DNA was assayed using tfi 
fluorometric method of Kissane & Robins (1958) a 
modified by Setaro & Morley (1976). Th 
fluorescence of the samples was measured using ; 
Perkin-Elmer Fluorescence Spectrophotometer am 
the amount of DNA present was determined from i 
standard curve. [^HjThymidine incorporation (dpm 
was then calculated per pg  DNA.
Bacterial mutagenicity assay. The mutagenicity o 
MelQ was measured using S. typhimurium TA98 ii 
an Ames-type assay (Ames, McCann & Yamasaki 
1975). Freshly isolated rat and hamster hepatocytei 
(4 X  10®/ml) were incubated for 30 min at 37°C witl 
various concentrations of MelQ and TA98 in a fina
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lume of 0.6 ml. Following addition of 2 ml of top 
ar, the mixture was poured onto Vogel Bonner 
ates. The plates were incubated at 37°C for 2 days, 
ter which the numbers of revertant colonies arising 
I the plates were counted.
RESULTS
UDS was measured by determining the amount of 
ijthymidine incorporated into the nuclear DNA  
iring treatment of the cells with the mutagens. In a 
pical experiment, the amount o f [^H]thymidine 
corporated into the nuclear DNA of control cell 
iltures was 600 dpm/0.5 ml extracted DNA, equiv- 
ent to 53dpm//ig DNA. Since the pHJthymidine
incorporation in control cultures varied between ex­
periments (30-76dpm//ig DNA), results for 
pH]thymidine into treated cultures were expressed as 
a proportion of the corresponding control. This 
allows comparison between experiments on each of 
the compounds in rats and hamsters.
Dose-related increases in UDS were clearly seen in 
hamster hepatocytes treated with IQ, MelQ and 
MelQx, and with the pyrolysate Trp-P-1 (Fig. la). 
Trp-P-2 induced little or no increase in UDS. The 
carcinogen 2-acetylaminofluorene (AAF) was used as 
a positive control. This also induced UDS in a 
dose-related manner in hamster hepatocytes. In the 
rat hepatocytes, the results were less well defined, 
only MelQ and AAF giving clear positive responses 
(Fig. lb).
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Fig. 1. Induction of unscheduled DNA synthesis in (a) hamster and (b) rat hepatocytes by MelQ (O), 
IQ (A), MelQx ( x ), AAF (□), Trp-P-1 (O) and Trp-P-2 (A)- The symbols #  and ■  denote estimates 
of UDS induced by MelQ and AAF, respectively, in experiments performed on separate occasions.
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Fig. 2. Mutagenicity of MelQ towards Salmonella typhi­
murium TA98 in the presence of rat (A) or hamster (O) 
hepatocytes. Values shown are the means and standard 
errors of three replicate plates.
Studies o f the activation of MelQ to a bacterial 
mutagen demonstrated that hepatocytes derived from 
rat liver were less active than those from hamster liver 
(Fig. 2).
DISCUSSION
The results of this study indicate that the hetero­
cyclic amines, IQ and MelQ, exert genotoxic effects 
in primary cultures of rodent hepatocytes, thus 
confirming the results of Loury & Byard (1983 & 
1985). MelQx, the major mutagen identified in fried 
beef (Felton et al. 1984), was also found to induce 
DNA repair in hepatocytes. The results indicated that 
IQ and MelQ possess potent genotoxic activity of the 
same order as that of the carcinogen AAF, which was 
used as a positive control. Of the compounds tested, 
the most active in inducing DNA repair (as judged by 
the slopes of the dose-response curves) was MelQ. IQ 
was a more potent inducer of DNA repair than 
MelQx and Trp-P-1. Trp-P-2 induced only a very 
weak response in hamster hepatocytes. This order of 
potency corresponds quite closely with that found in 
tests on bacterial mutagenicity in S. typhimurium 
TA98 (Sugimura & Nagao, 1982), although in tests 
for chromosome damage in CHO cells and mouse 
bone marrow, Trp-P-2 was found to be more active 
than IQ (Minkler & Carrano, 1984; Thompson et al.
1983).
There were marked species differences in the mag­
nitude of the response of hepatocytes from rats and 
hamsters. It was clear that cells derived from the 
hamster were considerably more sensitive to all the 
mutagens than rat hepatocytes in which only MelQ 
and AAF gave clear positive effects.
Species differences in the response of hepatocytes 
to IQ and MelQ were noted by Loury & Byard 
(1985). However, these workers found rat hepa­
tocytes to be more sensitive than those from ham­
sters. The reason for these conflicting findings is nc 
immediately obvious, since both Loury & Byard an 
ourselves used Sprague-Dawley rats and Syria 
golden hamsters, albeit from different suppliers. Th 
former authors were unable to obtain clear dost 
related effects in either species using IQ and MeIC 
whereas dose-response relationships were obvious i 
our present study, particularly when hamster heps 
tocytes were used. The greater sensitivity of th 
hamster cells to IQ and MelQ is probably attri 
butable to the greater metabolic activation capacit 
of these cells toward heterocyclic amines compare 
with that of rat hepatocytes (Fig. 2) rather tha: 
species differences in susceptibility to the mutageni 
derivatives. This is also apparent from studies usin 
S-9 preparations from different animal specie 
(Alldrick & Rowland, 1985). It is clear from ou 
studies that MelQ exerted potent genotoxic effects ii 
both the DNA repair test and the hepatocyte 
mediated bacterial mutagenicity assay (Fig. 1).
We may conclude that the heterocyclic amines IQ 
MelQ and MelQx, formed in the heating of food 
exert a potent genotoxic effect on mammalian cells ii 
vitro and this effect is more potent than that exertec 
by Trp-P-1 and Trp-P-2. In view of the knowi 
carcinogenic potential of IQ, MelQ and the tryp 
tophan pyrolysates (Matsukura et al. 1981; Ohgaki e 
al. 1984 & 1985; Takayama et al. 1984), it seems likeh 
that MelQx would induce tumours when tested in i 
rodent bioassay. The potency of genotoxic effects o 
some of these cooked-food mutagens, together witl 
their known carcinogenic activity in rats and mic( 
suggest that these compounds might pose a potentia 
hazard to man. However their role in the aetiology o 
human cancer has not yet been elucidated.
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